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| The Society of Motor Manufacturers 
‘and Traders in a recent statement an- 
‘mounced the final figures for 1955 
of motor vehicle exports and an esti- 
‘mate of the U.S.A. shipments. Al- 
“though a rise in the production of cars 
and commercial vehicles both in America 
and on the Continent made competition 
considerably keener throughout the world, 
British motor manufacturers in 1955 sold 
| 531,000 vehicles, made up of 373,000 cars 
- and 158,000 commercial vehicles. Next 
came Western Germany with 320,000 
cars and 84,000 commercial vehicles, 
totalling 404,000, and then the U.S.A. 
with estimated figures of 215,000 and 
179,000 (394,000). French exports 
amounted to 163,000 and Italy shipped 
75,000. As far as the British export of 
trucks, buses and dual-purpose vehicles 
is concerned, these figures are very satis- 
factory. Indeed, the whole increase of 
25 per cent in the production of com- 
mercial vehicles compared to that of 1954, 
was easily absorbed by overseas markets, 
a conclusive proof that these vehicles 
are acceptable all over the world. An 
analysis of the production and export 
figures for private motor-cars, however, 
tells a different story. Though production 
in 1955 rose to 897,500 units, 17 per cent 
more than in 1954, only 7000 more cars 
were sold abroad, an increase of 2 per 
cent based on last year’s export figure of 
366,000. The fact that export sales have 
not been able to keep step with the 













PROSPECTS OF THE MOTOR INDUSTRY 


steadily rising production has thrown 
more cars on the home market than can 
be readily absorbed. It seems now abund- 
antly clear that the motor industry, when 
announcing its vast expansion plans last 
year, took a rather optimistic view not 
only of the export situation but also of the 
capacity of the home market. It can be 
assumed that, now, after most of the 
scarcity backlog has been satisfied, the 
annual rate of new sales plus replacements 
should not exceed about 450,000, whereas 
in 1955 about 524,000 cars, 57 per cent of 
the total production, was available to 
domestic users. It also seems that too 
many of the orders which, less than a 
year ago, swelled the order books of our 
big motor manufacturers were not entirely 
genuine, i.e. based on actual demand, 
but of more or less speculative nature. 
As long as customers believed they could 
dispose of any little-used car with a small 
profit, there was little risk of placing orders 
with a number of dealers. This practice 
has been largely responsible for the glut 
of second-hand cars which, restrict the 
sales of new vehicles. 

Aggravated by the general economic 
conditions and in particular by the 
recently increased purchase tax on motor 
cars, the credit squeeze and the restric- 
tions on hire purchase, home market sales 
in the last three months have greatly 
deteriorated. The combined effect of 
overproduction and, on the other hand, 
stagnant markets both at home and 





abroad has led to a critical situation 
which is affecting the production and 
expansion schedules of the industry. It 
would be wrong to assume that the present 
slump in the home market is nothing but 
a temporary seasonal trend ; we rather 
believe that this recession in the motor 
trade, so painfully evident in short-time 
working at several Midland motor fac- 
tories and in an excessive stock piling 
of unsold cars at distributors and dealers, 
will be going on for some time unless 
the industry finds some effective means for 
stimulating the export market. It is 
difficult to see what the motor manufac- 
turers can do in order to propagate sales 
at home ; price reductions seem to be out 
of the question because of the still rising 
prices of some essential raw materials 
and because of the new wage claims. It 
also seems improbable that the Govern- 
ment, committed to its anti-inflationary 
policy will prove willing to make any con- 
cessions, for instance by reducing the 
purchase tax on cars or the fuel tax. Some 
alleviation may perhaps be expected from 
the new clause, now to be included in the 
Road Traffic Bill, which will make cars 
more than 10 years old subject to safety 
tests. Such tests, if strictly carried out, 
will probably reveal that a considerable 
number of antiquated cars, still in opera- 
tion, are hardly roadworthy and require 
replacement early. But the effect could 
be only small. 

Turning now to an analysis of the British 
export trade, it can be seen from the 
figures printed earlier that this country 
is still the world’s biggest exporter of 
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motor vehicles and, last year, earned a 
new peak sum of £210 million in overseas 
currency. But the industry has met 
with growing sales resistance abroad, 
particularly in non-Commonwealth 
countries, where foreign competition, 
mainly that of German private cars, has 
greatly increased. Out of a total produc- 
tion of 705,000 motor-cars (36 per cent 
more than in 1954) the Germans last year 
sold 315,000 overseas. The rise in exports 
compared to 1954, amounted to 35-5 per 
cent (compared to the corresponding 
figure of only 2 per cent for Great Britain), 
so that practically the whole German 
surplus production was actually taken up 
by foreign countries and this, apparently, 
without creating any shortage on the home 
market. In January 1956, German motor- 
car production rose to 70,400 units (an 
annual increase of 19,400 units compared 
to 2650 in Britain) and last February 
actually exceeded Britsh production and 
export figures by abont 600 cars. This in- 
crease in export sales is by no means 
confined to German competition only ; 
France and Italy have also bettered their 
last year’s figures substantially, while 
this country, in spite of some favoured 
treatment, made only comparatively slight 
gains in a generally expanding market. 
How are British motor manufacturers 
meeting this challenge of their Continental 
rivals, a challenge which, if allowed to 
go on unchecked, might gravely affect the 
whole structure of the industry? A 
spokesman of the S.M.M.T. has recently 
expressed the view that “reports on the 
very limited degree of short-time working 
have been inclined to put the whole situa- 
tion right out of perspective. Motor 
manufacturers are aiming their sights at 
a still higher level of output in 1956, 
and the industry plans to increase its 
export sales still further.” Much as we 
would like to endorse this optimistic 
statement, we feel that it does not give 
the answer to the question as to how 
to promote sales at home and abroad 
to such an extent that the increased 
capacity of our motor industry can 
be fully utilised. In our leading article 
“London Motor Show” in THE ENGINEER 
of October 21, 1955,% we pointed 
out that increased production, though one 
of the means of reducing prices, does not 
necessarily mean increased productivity, 
unless it is accompanied by intensive 
re-organisation and rationalisation. We 
also raised the question whether or not 
our cars would be able to maintain their 
sales abroad against the impact of tech- 
nical innovations now incorporated in 
practically all Continental models. We 
came to the conclusion, and we still 
maintain that point of view, that cars 
built for world markets should comply 
with the world’s demands for improve- 
ments in mechanical layout as well as in 
styling. So far there are no indications 
that our manufacturers are trying to 
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tackle the export problem by introducing 
cars of novel and, from a British view- 
point, unorthodox character. The general 
attitude of British automobile constructors 
was only recently expressed by one of 
their prominent members who, concluding 
a discussion on design principles, praised 
the industry which “ undeterred by the 
adverse criticism of the popular press, 
refuses to follow the current trend of 
fashion in automobile design, and is 
continuing to build that type of vehicle 
which is best suited for British roads and 
for those countries to which it is most 
likely to be exported.” It remains to be 





100 Bears Ago 
The Engineer 


(APRIL 11, 1856) 


“* CANNOT BOILER EXPLOSIONS 
BE PREVENTED ?” 


“Two very disastrous boiler explosions 
have taken place during the week: one 
in the Portsmouth Dockyard and the other 
on the Caledonian Railway ; and both, as 
far as can yet be ascertained, attributable to 
the same cause: the overheating of the 
plates consequent on a deficiency of water 
in the boiler. 

“Is it beyond the reach of mechanism 
to accomplish a self-acting supply of water 
to the boiler, soas to maintain an uniform 
level ; or, failing that, to give such vocal 
utterance to its distress, as would insure the 
prompt attention of the engineman ? 

“Here is a problem which may well 
occupy the attention of inventors ; but as 
it merely relates to public safety and has no 
direct bearing upon profit and loss, we 
question whether its successful accomplish- 
ment would afford such remuneration to 
the inventor as a good smoke-consuming 
apparatus, or efficient fuel economiser ! ” 


“* MELBOURNE SUPPLIED WITH GAS” 


“On the Ist of January, 1856, gas was 
supplied to all the people of Melbourne 
who had made preparations for its use. 
The undertaking has been a gigantic one, 
and before the operations are completed 
no less a sum than £150,000, it is calculated, 
will have been expended. The amount of 
the original estimate of cost was £20,000. 
The apparatus for lighting the 


streets has not yet arrived, but its arrival 
is hourly expected, and immediately there- 
after the full advantage of the gas manu- 
facture will be enjoyed by the people of 
Melbourne.” 











seen whether this rather complacent 
opinion will be able to stand the crucial 
test of the next few months or whether we 
may not witness a complete “ change of 
heart ” among our British motor manufac- 
turers. Unless export sales should im- 
prove considerably in the coming buying 
season, it seems more likely that the next 
London Motor Show will display some 
prototypes of more advanced design. 


THANATOS 

The recent discovery of a new atomic 
particle—the anti-proton (which has mass 
equivalent to a proton but is oppositely, 
i.e. negatively, charged)—which was 
achieved at the University of California 
last September and October, had, of 
course, been predicted by physicists for 
many years. We noted in these columns 
at the time that the discovery did not 
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modify ideas on the atomic nucleus, py 
rather reinforced current theory, and we 
pointed out that there was no known 
practical application of the discovery, 
It may, therefore, be of interest to recoup; 
an argument of an application which in 
theory could be achieved, according to 
Monsieur E. Herrera, in a recent article 
in our French contemporary Le Geni 
Civil. Having demonstrated the existence 
of particles analogous to the two basic 
ones—the electron and the proton—byt 
with opposite charge (the “ positron,” a 
particle with the mass of an electron but 
with a positive charge, was discovered in 
1932) there is no reason, he suggests, to 
prevent bringing them together as an 
atom of “ anti-hydrogen,” and in fact to 
obtain, in general, “‘ anti-matter,” which 
would behave, with other anti-matter, in 
exactly the same manner as ordinary 
matter, to which it would be a sort of 
“‘ mirror image.” However, if anti-matter 
were to be brought in contact with normal 
matter, total disintegration would result— 
“ photonise” is the verb he uses— 
according to Einstein’s well-known law 
E=mce', with the consequent release of 
energy in large quantities. The tre- 
mendous generation of energy in nuclear 
reactions is, of course, due to this effect 
of the transference of mass into energy 
following Einstein’s law, but only a small 
proportion of the mass—a maximum of 
one-tenth of the unit of atomic mass 
(i.e. one-sixteenth of the mass of an 
oxygen atom) for each atom involved in 
the reaction—can be so transformed. A 
complete transformation is now theoreti- 
cally conceivable, Monsieur Herrera 
asserts ; thus the juxtaposition of any 
form of matter whatever, with an equal 
quantity of its corresponding “ anti- 
matter,” would provide the most powerful 
explosion which the laws of physics can 
conceive. The photonic bomb, as Mon- 
sieur Herrera names this concept, would 
dwarf the hydrogen bomb in its power. 
The relative explosive powers of T.N.T., 
hydrogen and ‘“ photonic” 
bombs are illustrated in Le Genie Civil, 
graphically, if somewhat subjectively in 
such a dignified journal, by skeletons 
carrying scythes, the E=mc' skeleton 
representing the photonic explosion tower- 
ing over his minute fellows. Monsieur 
Herrera calculates that a gramme of anti- 
hydrogen completely “‘ photonised” witha 
gramme of hydrogen would give an explo- 
sion comparable to 40,000 tons of T.N.T., 
but would produce unforeseeable second- 
ary destructive effects, including sufficient 
radiation to kill all life on the earth. 
Happily for humanity, he continues, the 
manufacture of this little bomb presents 
difficulties as yet insurmountable, even 
after the completion of the Brookhaven 
cosmotron, and he concludes that the 
blind forces of nature which protect the 
life on this planet are still stronger than 
the suicidal tendencies of its inhabitants. 
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A Seven Day Journal 


Shell-Mex and B.P., Ltd., with the co-opera- 


Department of Scientific and Industrial 
Research 


A YEAR ago the Lord President of the 
Council appointed a committee, under the 
chairmanship of Sir Harry Jephcott, to 
inquire into the organisation and functioning 
of the Department of Scientific and Industrial 
Research. An interim report, made by the 
committee last October to the Lord President, 
has just been published. This report says 
that the committee’s “firm conclusion” is 
that the organisation of an ordinary Govern- 
ment department is not suited to the Depart- 
ment’s research activities. The secretary, as 
its permanent head, is faced with an impos- 
sible task, for, the report continues, “ in 
addition to his other duties, it is his business 
to co-ordinate, guide, serve and in some 
respects to control, the centres where the 
research is done.” The committee feels 
that the central direction, under the present 
organisation, of the scientific effort at the 
stations, taken as a whole, is inevitably 
inadequate to secure the most effective use 
of the resources in the national interest. 
Headquarters determine allocations of man- 
power and money, the report observes, but 
they do not and cannot exercise an effective 
supervision over priorities in the programmes 
or over the balance between them. Much is 
started, the report adds, but not enough is 
stopped, with the result that many of the 
programmes have become too diffuse or too 
uneven in quality. The committee believes 
that better direction of the D.S.I.R.’s research 
activities is needed, and that it can only be 
effectively obtained by introducing into the 
chain of responsibility, as high as may be, 
a number of distinguished scientists and 
industrialists whose professional authority 
will be recognised by all concerned and 
particularly by the research directors. 
The main proposal is, therefore, that the 
D.S.I.R. should be under the charge of a 
scientific and industrial research council, 
appointed by and responsible to the Minister. 
On Tuesday, the Department of Scientific and 
Industrial Research Bill was given a second 
reading in the House of Lords. This Bill 
provides for the replacing of the existing 
advisory council by an executive council. 
Moving the second reading, the Lord Presi- 
dent of the Council said that the final report 
of the Jephcott committee had now been 
received ; it was not intended, however, to 
make it public. 


Factory Equipment Exhibition 


THE fourth Factory Equipment Exhibition 
was opened at Earls Court, London, on 
Monday last by Mr. Peter Thorneycroft, the 
President of the Board of Trade. Some 250 
firms are showing products and equipment 
covering practically all the requisites for a 
modern factory. The exhibits cover factory 
construction, equipment and maintenance, 
the storage and packing of goods, engineering 
products, equipment and services for the 
welfare and safety of operatives, drawing and 
works office equipment and supplies. The 
main theme of the exhibition is productivity 
and in this connection the British Productivity 
Council has held a three-day conference on 
work study which was open to all visitors. 
One of the main features of the exhibition 
is a large and comprehensive display of oil- 
burning equipment suitable for all forms of 
factory space heating, steam raising and 
process heating which has been arranged by 





tion of equipment manufacturers. As in 
previous years, parades are being held daily 
to demonstrate the latest designs of protective 
industrial clothing and equipment for both 
men and women. The British Electrical 
Development Association is showing some 
typical applications of electricity in promoting 
higher productivity, and the Gas Council 
is drawing attention to the use of gas in 
repair and maintenance work as well as for 
heating purposes. The exhibition will remain 
open until to-morrow, April 14th. 


Transport Archives Office in Edinburgh 


THERE has recently been opened at 23, 
Waterloo Place, Edinburgh, a Scottish branch 
of the British Transport Commission’s his- 
torical records organisation. It will be 
recalled that this organisation was set up 
five years ago in London under the super- 
vision of Mr. L. C. Johnson, and it has the 
responsibility of preserving the historical 
records of all branches of the British Trans- 
port Commission’s undertaking. By opening 
this new office in Edinburgh, the Commission 
is confident that the discovery and preserva- 
tion of essentially Scottish documents will 
be stimulated. The material already 
assembled presents a varied collection of 
records belonging to the original railway 
companies, canals, navigations and harbour 
trusts in Scotland. There are, for example, 
the minute books of more than 130 Scottish 
railway companies and ten waterway and 
dock undertakings, including most of the 
small companies formed to build the original 
local lines throughout the country. There 
are also the minute books of the Forth and 
Clyde Canal from 1768 onwards and of the 
Edinburgh and Glasgow Union Canal from 
1813. Bound volumes of current and former 
railway periodicals and a collection of 
official railway maps are also preserved. 
Assistance and encouragement will be given 
at the office to bona fide students and others 
interested in research into transport, social 
and economic history. Mr. R. H. Hogg has 
been appointed custodian of records (Scot- 
land) and is in charge of the new office. 


Britain’s Iron Ore Supplies 


A survey of this country’s iron ore supplies 
has recently been made by PEP (Political and 
Economic Planning), and its report on the 
subject has been published this week. This 
report points out that recent estimates suggest 
that the total world reserves of iron ore may 
amount to at least 95,000 million tons, with 
further possible supplies of 435,000 million 
tons. At the present rate of extraction, it is 
suggested, world ore reserves would appear 
to be adequate for a minimum of 300 years. 
The report notes that last year Great Britain 
used 28,600,000 tons of ore, of which 
16,000,000 tons came from home production. 
Information is given about the five main 
fields along the geological line of ore from 
Middlesbrough to Oxfordshire and, it is 
stated, the total workable ores have been 
estimated as being up to 3400 million tons. 
But, the report comments, whilst the British 
iron ore industry is of considerable national 
importance, it “‘ poses awkward problems of 
the national interest because of its effect on 
the land.” On the other hand, it is acknow- 
ledged in the report that with the develop- 
ment of “restoration technique” no land 
need be left derelict. The report makes 
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mention of “‘ the case for central ore prepara- 
tion plants,” and recalls that the study of 
organisation and methods within the ore 
mining industry is a responsibility of the Iron 
and Steel Board. An impartial study of these 
matters, the report says, “‘ might prove a 
valuable addition to its (the Board’s) present 
inquiries into reserves and techniques.” A 
large part of the cost of British ore, it is 
added, is due to transport. Attempts are 
being made “to reduce this burden by 
developing iron and steelmaking plants on 
the ore field sites, but there is need for still 
greater efforts in this direction if maximum 
efficiency is to be secured.” 


Atomic Energy Company 

AN announcement has just been made 
about the formation by Richardsons, West- 
garth and Co., Ltd., of a separate company to 
take over the Group’s studies and develop- 
ments in the atomic field. This new sub- 
sidiary, called Richardsons Westgarth Atomic 
Ltd., has a capital of £250,000. Mr. Harry 
Fothergill is the chairman and the other 
directors are Mr. O. J. Philipson and Mr. 
J. R. Mackay. The Richardsons, Westgarth 
Group, keeping in mind the possibility of a 
new source of power in the years ahead, has 
formed a team of engineers, physicists and 
metallurgists for the design of nuclear 
reactors. In addition to investigating the 
applications of nuclear energy to marine 
propulsion, the team is studying land appli- 
cations. The manufacturing companies of 
the Richardsons, Westgarth Group are mem- 
bers of the British Shipbuilding Research 
Association, and will therefore benefit by the 
experience and knowledge gained by the 
B.S.R.A. team, which has been working at 
Harwell for some time on studies in connec- 
tion with the marine application of atomic 
energy. The registered office of the new 
subsidiary is at the Group’s London office, 
at 56, Victoria Street, S.W.1. 


Industry and Scientific Education 


Last November there was established the 
“ Industrial Fund for the Advancement of 
Scientific Education in Schools.” Its object 
is to assist the teaching of science in the 
independent and direct grant schools by 
providing capital grants towards the building, 
expansion, modernising and equipping of 
science laboratories. At the time the fund 
was started, it was announced that the 
seventeen founder members had undertaken 
to provide £1,500,000. Jt is now stated that 
seventy-three additional companies have 
agreed to support the fund, the total sub- 
scribed from all sources to date is £2,900,000. 
Applications have been received from 439 
schools and information they have provided 
shows that facilities for science teaching in 
the majority of schools are seriously over- 
crowded and inadequate. In independent 
and direct grant schools generally—as dis- 
tinct from maintained schools—the critical 
problem is the lack of money for capital 
projects and not, to the same degree, the 
shortage of science teachers. The committee 
set up to administer the fund has appointed 
four assessors to act as technical advisers 
both to the committee and to the schools ; 
it has also prepared an architectural brochure 
of good current practice for the building and 
equipping of school science laboratories, and 
laid down certain principles for determining 
the qualifications, amounts and priorities 
for consideration for grants. The “ target ” 
for the fund has now been put at £3,500,000 ; 
forty-five schools have so far been visited 
by an assessor, seven offers have been made 
by the committee, and twenty are in the 
course of negotiation. 
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Effect of Distortion of a Stiff-Jointed 
Frame on its Plastic Collapse Load 


By J. W. H. KING,* M.Sc., M.LC.E., M.LStruct.E., and D. E. JENKINS,t B.Sc. (Eng.). 
An outline is given of the analysis of a rectangular frame subjected to a concentrated 


loading system, when frame distortions are allowed for. 


It is shown that for the 


order of distortions considered it is adequate to take into account first order 
effects only, and that such effects can appreciably decrease the loads necessary to 


cause plastic collapse. 


The treatment has been extended to include a simple case 


of distributed loading, for which location of plastic hinges introduces a further 


complication. 


Results of the analysis of frames with multiple bays and stories 


are given, and an approximate method of distortion determination for a given 
structure at collapse is indicated. 


HE tests on full-scale portal frames 

carried out by Professor J. F. Baker and 
J. W. Roderick? showed that for that type 
of frame the plastic collapse was dependent 
on the strain hardening characteristics of 
the structural material, and also on the frame 
distortion which was necessary to develop 
the plastic moments of resistance. The 
strain hardening effect may be present in 
varying degrees for 
different structures and 


to parts of beams and columns respectively. 
The first suffix V or H refer to vertical and 
horizontal projections respectively. Since 
the loading system shown creates a node in 
the span of a beam the suffixes L and R for 
the beam projections refer to the left-hand 
part and the right-hand part respectively. 
The first number suffix represents the number 
of the storey under consideration starting 
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it will always raise 7 
the plastic collapse Mc 
load above that com- 
puted from the simple 
theory. 

Professor Baker’s 
tests showed that for 
the portals under ex- 
amination, the distor- 
tion effect was causing 
a reduction in the ex- 
pected increase due to 
strain hardening. The 
authors have analysed 
a number of frames 
to determine the effect 
of frame distortion 
on plastic collapse and 
their results are given 
in graphical form in 
Figs. 3 to 7. An outline 
will now be given of 
the method used in the 
analysis using as an 
example a fixed footed 
double-bay portal 
frame. It will be as- 
sumed that the reader 
is familiar with the 
principle of plastic collapse and with 
methods of plastic analysis.** 


EXAMPLE I : A DOUBLE-BAY, SINGLE-STOREY 
FRAME 

The frame is as indicated in Fig. 1, which 
shows the adopted convention for positive 
moments, and the distorted frame notations. 
It should be realised from the outset that 
relative displacements of the ends of a member 
may be due to both elastic and plastic effects, 
and that although Fig. 1(b) indicates straight 
members between plastic hinges, they may 
in fact be quite materially bent elastically 
in practice. The complete analysis takes 
this into account, but ignores any change in 
length. All members form plastic hinges 
at the same bending moment Mp. 

The distortion convention has been 
selected to deal with any multi-storey, multi- 
bay frame. The initial letters B and C refer 

* Professor of Civil Engineering, Queen Mary College, 
University of London. 

+ Lecturer in Mechanical Engineering, Royal Military College 
of Science, Shrivenham. 
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(b) DISTORTION NOTATION. 


Fig. 1—Bending moment conventions and distortion notation 


with one for the ground floor and increasing 
upward. 

The second number suffix is used for multi- 
bay frames. In the case of the beam pro- 
jections the numbers increase by one for 
each bay in the frame starting from the right- 
hand side. In the case of the column pro- 
jections the numbers increase by one for 
each column in the frame starting from the 
right-hand side. Note the right-hand side 
is the leeward side of the frame in the example 
considered. Thus, Byz,. is the vertical 
projection, or deflection, of the left-hand 
part of the beam in the first storey of the 
second bay. Cy;3is the horizontal projection, 
or sway, of the third column from the right- 
hand side in the first storey or ground floor. 

The equilibrium of the frame in the 
generalised distorted position can be con- 
sidered as being defined by the seven equa- 
tions of equilibrium for the members, HG, 
ED, BA, FG, FD, CD and CB, together 
with another equation expressing the equi- 
librium at joint D. Thus eight equations 
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can be written down involving the two loads 
W and H, the ten nodal bending moments, 
and the four unknown foot reactions Va, 
Vi, Hr and Hz. ‘ 

These eight basic equations are as follows : 
For HG, My+Mgt+V,Cuis+HiCyis=0 
aes. ae 
For ED, Mg+ Mp3+(2W— Vi—Vr)Cri 

+(H—H,—Hp)Cyz=0 . . .. (2) 
For AB, M4+Mg~—VeCgu-— ArCyn=9 
piedbatics: + aan 


For FG, Mp+ Me— V,Byi12+ ALByi.—0 


For FD, Mry+ Mp,—(W-— Vr) Bury 
+HryBypp=0 . . 1... ... (5) 


For CD, Mc+ Mp.—(W— Vp) Bai 
+(H— Hp)Byiz1=0 . he a Ss (6) 


For CB, Mct+Mz- VeBuru 
+(H—Hp)By~pix=0 . . 1... (7) 


For joint D, Mp:+Mp;—Mp.=0. . . (8) 


Eliminating Vz, Vz, Hy and Hy in tur, 
four resultant equations will be obtained, 
Care must be taken in the elimination to see 
that the coefficient of the reaction concerned 
in the eliminating equation does not tend to 
zero, i.e. Vz cannot be eliminated by the use 
of equation (3) as its coefficient (—Cy,)) 
tends to zero. 
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Fig. 2—Modes of collapse 
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The four final equations of equilibrium 
are as follows. 
Equation (8) as above. 
(Mp+ Mov) (BatC nist Bris2Cas) 
(My+ Me BarwByii2+ Bars2By rs) 
+(Mp+ Mg BurieCris— ByrizCuis) 
We Bye Bar2Cris+ Byzi2Cais)=9. 
(9) 


(Me+ Mp BrauCru—BrauCan) 
~(M4+M5\ByeuByint BaruBven) 
L(Mo+ Ma BaruCryut BrinCaw) 
— W. Bar(BuruCru— BveuCaw) 
+H. Cyi(BarnBrint+ BuruByeu)=9. 
(10) 


(My +Mop:MBaruCyn 

— ByrisCauBai2Cvis+ By ii2Cms) 
—(M4+Ms\XBaruCyie 

— ByruCa2Bar2Cvis+ By ii2Cms) 
+(My+ Me BaruCris 

— ByruCauByi2Cyi2+ By r12Ca) 
+(Mp+MeBaruCrin 

— ByruCau)CrizCuis— CrisCa2) 
—(Mc+ MpXBaruCris 

+ Byt2Cuis CyuCaie— (CrieCa) 
+2W. CrrABaruCrn 

— ByruCauXBaiC ris + Byzi2Cas) 
+H. Cyn(BaruCrie 

- ByruCuwByi2C vis + By1i2Cus) 

ts sits, sae ees AAG) 


Equations (8), (9), (10) and (11) have been 
used to determine the exact effect of distor- 
tions on collapse. This working is not shown 
here but the results are quoted. To reduce 
the labour of solving the equilibrium equa- 
tions an approximation can be made by 
eliminating all displacements of the second 
or higher orders of small quantities. With 
this approximation the following simplifica- 
tions can be made to the generalised dis- 
tortions : 
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beam deflection 0-05L 
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Fig. 3—Collapse diagram for fixed-footed double-bay 
portal frame 
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Cau ol Cri2= Can= Cy. Byi = Byru= By. 
vi By gi2= Bris. 
Cru= Crn= Cris= Cy. 
By aa Buru = Byin= Byra2= By. 


All second order products such as CyBy, 
Cy* and By? will be neglected. 

Equations (8), (9), (10) and (11) can be 
rewritten as follows : 

The distortions can be described by 
6=Cy/Cy and/or =By/Bz and 6 can be 
neglected. 

Equation (8) unaltered. 

Equation (9) becomes 


(2Mp+Mp+Me)Cy—2(Mg 


+Mg)By.—W. BygCy=0. (12) 
Equation (10) becomes : 
(2Mco+Mp2+Mzg)Cy—2(Ma+ Mp) Bris 
—W. ByCy+2H. ByyCy=0 . (13) 


Equation (11) becomes : 
Meg+Mp;3+My+Me—Ms—Me 
+2W.Cy+HCy=0 


The four modes of collapse which exist 
over a range of values of W and H will be 


(14) 
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considered and the equations to these modes 
of collapse will be obtained, together with 
the limits between which they are valid. 

Sway Collapse-—(Fig. 2(a)). 
M,s=M3=My,. Mp3=Mz= {g=My=— Mp. 

When the distortions are neglected 

6M, 4M, 
h cL 

Allowing for the distortions, the following 


simplifications particular to this mode of 
collapse can be made. 


H= 0O<W< 


L 
Cy=h6, Cy=h, By =Byy2.=0. Bau=35 . 
then from (14) : 
6M,=Hy,+2Wh0 (15) 


This is the equation to the sway collapse 
ord and is linear. The lower limit is when 
w=0. 
whence 

aS, 


The upper limit is when Mp=Mp,=Mp, 
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which will give the intermediate mode between 
sway collapse and secondary combined 
collapse. 


The upper limit value of W is pel 
whence 
M,/._ h0 
H=“P(6- er): 


Secondary Combined Collapse.—(Fig. 2(c)). 
M, =M;= Mpi=Mry=Mp. 
Mps=Mg=Myg=— My. 


When the distortions are neglected 
16M,=2Hh+ WL. 
5M, _., 6M, 4M, 6M, 
, 4s L ="<T° 


Allowing for the distortions the following 
simplifications particular to the mode can be 
made. 


16 L 
Cy=h6, Cy=h, By =0, Byz=> Bu, 5- 
Equations (8), (12), (13) and (14) yield 
the following collapse equation : 


4M,(2h—L9)— wis + 2H0)— Hh(h—L8)=0 


ghss (16) 
This again is a linear equation. 
The lower limit is given by Me= —My 

when 
4M,({h+L) M,{, 8h0 
went”) and H="(6_=) ° 
The upper limit is given by M-=Mp, 
giving the intermediate mode between the 
secondary and primary combined collapse 
modes. 
The upper limit values are 
_6Mp ,, (ShL+L*0—12h*0)My 
gow tS oa WL ; 


Primary Combined Collapse.—(Fig. 2(e)). 


M4=Mz3=Mc=Mpi=Mr=M, 
My=Mg=— My. 





When the distortions are neglected 
11M,p=Hh+WL 
3M, 5M, 6M, 8M, 
Seated i Fae iy 


‘Allowing for the distortion, the following 

@ Nodistortion correction. a 
& Complete distortion correction, ~~ 
¢ First order distortion correction. ~~~~~ 


band for sway O-thand or 
beam deflection 0-OSL 


























é D | | 
E \ 
\ BEAM COLLAPSE DE 
6 | 
COMBINED 
COLLAPSE CD 
BN 
s 
E 4 Limiting Value of W 
~ for Sway Collapse 
> w | INTERMEDIATE 
COLLAPSE BC 
2. 
-4 SWAY COLLAPSE A8 
Mp constant 
_ ae 


2 
H in terms of “b4, 
Fig. 5—Collapse diagram for fixed-footed single-bay 
portal frame 








322 


simplifications particular to this mode can 
be made. 
ré L 

Cy=h6, Cy=h, Byu=Bru=z > Ba=3- 

Equations (8), (12), (13) and (14) yield the 
following collapse equation : 

L*6 
M,(11h—9L8)— w(hL+ 20) 
—Hh(h—2L8)=0. . . (17) 
This again is a linear equation. 

The lower limit is given by Mp3= — Mp. 
whence 
_6M,(h+L9) M,(ShL—2L*0— 12h") 
“ AL AL 
and the upper limit is given by Mp,=Me 
= Mp, giving the intermediate mode between 


W. and H= 
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Fig. 6—Collapse diagram for fixed-footed single-bay 
double-storey frame ‘ 
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the primary combined collapse and the beam 
collapse modes. The upper limit values are 


wie inal 7a. 
Beam Collapse.—(Fig. 2(f). 
Mz=Me=Mo1=Mp.=Mr=Me=Myj. 
When the distortions are neglected 
W-8M, 


3M. 
nicest 
I 0o<H< as 


Allowing for the distortions, the following 
simplifications particular to the mode can be 
made. 





16 
Cy=0, Cy=h, Byu=Br= 7, By=L/2. 


Equations (8), (12), (13), (14) yield the 
following collapse equations which although 
linear cannot be reduced to one, owing to 
the presence of the indeterminate foot 
moments. 


WLh 
M,{(4h—L8)— MyL8——5—=0 S53; sane 
WLh 
M,{4h—L8)—M,L8——5—+ HLhb=0 . (9) 
Me+My—Mat+Hh=0.... . « (20) 
The lower limit is given by 
Mg=Mzy=— Mj, M,4= Msg. 
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The upper limit is given by 


H=0, M,=0, and M,4=My=say Me 


an arbitrary value, 


whence 


_ (8h—3L0)M, 
W: si, eels 


The plastic collapses equations for the 
four modes discussed have been plotted to 
form a collapse diagram, as shown in Fig. 3. 
The abscissa of the diagram is the load H 
plotted in terms of M,/h and the ordinate is 
the total beam load 2W plotted in terms of 
M,/L. The collapse diagram is an enclosed 
figure for loads, inside which the frame for 
which the diagram has been drawn will be 
safe from plastic collapse. The boundary 
represents plastic collapse in all its modes 
and a point outside the diagram is unreal. 
Three diagrams have been plotted corre- 
sponding to the following conditions :— 

(a) Distortion assumed to be negligible. 

(6b) Complete correction for frame dis- 
tortion using equations (8), (9), (10) and (11). 

(c) First order correction for frame dis- 
tortion using equations (8), (12), (13) and (14). 

The diagrams b and c have been drawn 
for a sway distortion of 10 per cent of the 
column height A and/or a beam deflection 
of 10 per cent of the half beam span L/2. 
This figure of 10 per cent is not intended to 
be a practical value, but is intended to show 
the difference between the three conditions 
(a), (6) and (c). 

The four modes of collapse discussed above 
are modes for which the distortions are 
assumed to remain a constant proportion 
of each other for each particular mode, i.e. 
for a given mode and percentage distortion 
the distorted shape is constant for varying 
values of W and H within that mode and 
W and H can change only by altering the 
bending moment distribution. 

These diagrams, which can be seen to 
consist of straight lines, are not sufficient 
to produce completely enclosed figures, 
there being gaps such as BC and DE in 
Fig. 3. These gaps are closed by lines repre- 
senting the modes of collapse shown in 
Figs. 2(b) and 2(d) which have two degrees of 
freedom and for which the bending moment 
distribution is constant regardless of the 
values of W and H. In fact, W and H vary 
because for a particular value of 6 (see Figs. 
2(b) and 2(d)), ¢ can vary between the values 
0 and @ to move from the limiting positions 
of the linear modes on each side. The 
collapse equation for an intermediate mode 
is readily obtained for a first order analysis 
from equations (8), (12), (13) and (14) and 
it is linear. An exact solution using equations 
(8), (9), (10) and (11) is impossible alge- 
braically owing to the complicated inter- 
dependence of the distortions and it is neces- 
sary to calculate arithmetically the values of 
points on these lines in order to draw the 
diagram. It has been found that within 
the accuracy of plotting the closures are all 
straight lines. 

Collapse diagrams have been obtained 
for the following frames subjected to con- 
centrated loading :—Pin-footed, single-bay 
portal, Fig. 4; fixed footed, single-bay, 
portal, Fig. 5; fixed footed, single-bay, 
double-storey frame, Fig. 6. The following 
conclusions may be drawn from the four 
diagrams. 

The effect of adding bays to a frame does 
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not significantly alter the losses due to dis. 
tortion for all modes of collapse. This ma 
be due to the fact that the number of male, 
of collapse is increased with a multi-bg 
frame. The effect of adding a storey to a 
frame increases the distortion loss for jj 
modes of collapse. The effect of fixing the 
feet of a frame which considerably increases 
its collapse resistance, also considerabj 
reduces its losses due to distortion. In faci, 
there is a small part of the 10 per cent dig. 
tortion diagram outside the zero distortion 
diagram at C (Fig. 5), showing that here the 
distortions have raised the collapse resistance 
of a frame. In the authors’ experience, this 
is an isolated case. A first order analysis of 
distortion is generally quite adequate fo, 
distortions up to 10 per cent, a figure which 
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Fig. 7—Collapse diagram for fixed-footed porta! frame 
carrying a distributed load 


should be outside 
practice. 


ANALYSIS OF A FRAME CARRYING A 
DISTRIBUTED LOAD 


In the case of the portal frame for which 
the collapse diagram is shown in Fig. 7, the 
determination of the collapse properties is 
rendered more arduous by the fact that the 
plastic hinge position x in the beam in com- 
bined collapse, varies in value from zero at 


the requirements of 


‘the limit of sway collapse to L/2 at the limit 


of beam collapse. Thus x must be included 
in the collapse equation and in this equation 
H must be eliminated as a variable by putting 
it in terms of wL. The collapse equation then 
contains wL, x and a load parameter n, where 
H=nwL. 

A value for x is found which makes wL in 
this equation a minimum, and then with this 
value of x, the values of wl and H can be 
found from the collapse equation. By com- 
parison of Figs. 5 and 7 it can be seen that the 
losses due to distortion with distributed 
loading are considerably greater than those 
obtained with the centre span point loading 
especially in the combined collapse range. 
Only a first order analysis has been given 
since it is believed from experience with the 
frames previously described that this is 
adequate. 


FOR DISTORTION IN PLASTIC 


DESIGN 


Assuming that a structure of given shape 
and size is to be designed just to support a set 


CORRECTION 
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of working loads times a given load factor, 
then methods of plastic design can be used to 
select sections for the various members of the 
fame, such that the frame will collapse in a 
particular mode. It is necessary to determine 
whether the practical sections employed, 
normally slightly heavier than those just 

uired, will be sufficient to develop the 
minimum load factor, as the elastic distor- 
tions prior to collapse will tend to reduce the 
collapse loads. The effect of distortions on 
the plastic collapse loads can be determined 
by the methods outlined, provided that a 

we can be given to one distortion from 
which all the others can be determined. For 
this it is only necessary to find a part of the 
frame which lies between two adjacent nodal 












HE opening paper of the meeting was pre- 
Tae on Tuesday, March 20th and was : 


SHIP REPAIRING—SOME ASPECTS OF THE 
INDUSTRY TO-DAY 


By H. A. J. Smey. 


SYNOPSIS 

The high cost of new tonnage increases the impor- 
tance of keeping ships at sea and the importance of 
the repair and maintenance services, which are 
dependent upon technical ability, equipment, man- 
power, and materials. Recent developments in 
construction and size of ships has introduced complex 
problems, including the provision of suitable docking 
facilities and special plant. 

DISCUSSION 

Sir Lawrence Edwards: In peace, ship 
repairing is a most valuable economic 
asset ; in war it is a vital factor of national 
defence. Two wars have been more nearly lost 
because of the merchant shipping position 
than for any other reason. It is well to bear 
in mind that there were more dry docks in 
this country of more than 200ft long in 1914 
than there were in 1939, and there were still 
more in 1914 than there are to-day. The most 
marked change in the job of the ship repairer 
since pre-war days is the rapid increase in 
the size of ships, especially tankers. The 
biggest bottle-neck in the United Kingdom 
and elsewhere in ship repairing is the dry 
dock capacity. 

Nothing whatever has been done to the 
public dry docks in this country for many 
years, and the answer is to give a more appro- 
priate dry dock depreciation allowance by 
the Inland Revenue authorities until the num- 
ber of dry docks available is equal to the 
demand for them. For some years, British 
ships will require to go abroad for repairs and 
many foreign ships will be unable to find 
accommodation here, to the detriment of our 
national economy. Thus, we are incurring 
unnecessary expenditure of British currency 
abroad and losing foreign currency, not only 
for the dry docking and ship repairs, but for 
all the other ancillary things that a ship 
requires when it touches port. 

I feel that the steel position to-day is a 
reflection on the organising ability of our 
steel trade, for if requirements in ship repair- 
ing could be met in war days, then surely 
they can be met now. I wonder if it is 
generally realised that the repair industry, 
consuming but a fraction of the steel utilised 
in new building, is putting back into service 
or is holding up almost as many ships in one 
week as are delivered in one year. 

Bilge blocks may be suitable for various 
types of ships, but I would be apprehensive 
about putting a tanker in a dock without 































points, both of which are developing their 
fully plastic moments of resistance. The use 
of Mohr’s theorems on this length for which 
the radius of curvature or d*y/dx* can be found 
everywhere will yield the deflection of one end 
relative to the other, whence all other deflec- 
tions can be found to the first order. It is 
emphasised that this is only adequate for a 
first order analysis, which is all that would 
normally be required. 
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side shores. Perhaps twice in the lifetime of 
a tanker a major steel job can be anticipated, 
and structural arrangements designed to 
facilitate the removal of steelwork would 
save time. The extension of welding has 
made ship repairing more difficult, but the 
removal of a riveted shell plate is often made 
a more lengthy job because of indiscriminate 
welding. Modern rudders can introduce 
serious difficulties in maintenance, many being 
designed without consideration for the sub- 
sequent life of the ship. With regard to 
labour, I suggest that working forty-four 
hours out of the 168 in a week can hardly be 
described as making the best use of the time 
available. 

Mr. E. L. Champness: Mr. Silley’s 
figure of £70,000,000 turnover becomes more 
significant when we compare it with the 
£10,500,000 in 1907, and the fact that the num- 
ber of dry docks in this country is less than 
before indicates the pressure on the dry docks 
to-day. Charges for dock dues and docking 
are only 100 per cent more to-day than they 
were 50 years ago. I think that the decline 
in the labour force was a long overdue 
pruning of inflated labour forces during the 
war. In the present economic conditions of 
this country, and of foreign competition, a 
five-day week, a closure for two consecutive 
weeks per year, and bans on overtime are 
sheer nonsense in a servicing industry. 

Continuity always will be the lot of a 
servicing industry and its basis in ordinary 
short time day-to-day repair work, continuity 
by sufficient men working the normal number 
of working hours per week only, but with 
proper rotations of shifts to give a reasonable 
life to all. At the moment there are not 
enough men to do this as a regular system, 
but we should pursue all means to get them 
and so compete in time with the Continent, 
otherwise we might find later that adversity 
forces it on us in an unpleasant manner. 

We are inclined to call too heavily on the 
time of our supervisory staffs in overtime 
and half-shift work, for it is easy to forget 
that, although different men may be working 
on different nights in the week, they are 
dealing with the same supervisory personnel. 
It seems possible that sufficient labour will 
become available for this purpose, for it 
appears to be inescapable that automation 
in general engineering must involve shift 
work in the engineering industries and a 
reshuffling of skilled labour. I cannot see 
wuy our industry, with its entirely individual- 
istic character and its constructive interest, 
and above all its complete absence of any 
threat of push-button control, should not be 
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able to attract sufficient men to work a shift 
system. 

Lieut.-Col. Eustace Smith : The problem 
of taxation and the obsolescence of docks 
cannot be emphasised too much, in view of 
the rapid increase in the size of tankers since 
the war from about 14,000 to 32,000 tons. We 
have not done sufficient in this country in 
providing proper engine repair facilities, and 
so are up against competition with the 
Continent, where they have much bigger 
machine shops. 

Mr. Skae : It is true that we have in our 
industry an efficient machine which we cannot 
get into top gear, for we are plagued by 
demarcation, by outworn practices which, 
if removed, would result in better conditions 
for the whole industry. 

One of the most important problems to-day 
is the increasing size of ships, especially 
tankers, and its solution is in the provision 
of deeper and better dry docks. Many of 
the older docks in this country are now 
obsolete and in many instances the building 
of new dry docks is precluded by the cost, 
which is generally between £1,000,000 and 
£2,000,000. I think it is high time the 
Government realised that a dry dock is a 
vital part of our plant, it is a tool and not 
just a building, and that the port authorities 
should build public docks large enough to 
accommodate the ships which are using their 


rts. 

Mr. Bassett: It was surprising to find 
that every main port in Europe had one dock 
capable of taking the largest oiler and a big 
passenger ship as well. Many docks in this 
country are merely holes in the ground 
and often with poor access roads, whereas 
on the Continent shipyards have been 
rebuilt, and good docks with fine access 
roads provided. 

Abroad, there is not the same conservatism 
as in this country in respect of the use of 
improved methods, and it is this adaptability 
abroad that we have to face up to. On the 
Continent the men have been brought up the 
hard way and are willing to work. 


Professor E. V. Telfer: I ask the ship 
repairing industry what they are doing about 
research in ship repairing and what they are 
doing to help the shipowners to obtain better 
ships and to profit by the mistakes that 
shipbuilders occasionally inflict on them ? 

On the use of side shores, can you give a 
practical reason why side shoring for the 
modern ship should continue ? If you want 
your first subject for research, will you 
institute it into dry docking from the point 
of view of having adequate support on the 
centre blocks themselves, without having 
too many bilge blocks to put in, which will 
delay the carrying out of the repairs to the 
ship ? I do not say that judicious side 
shoring is not necessary, but the wholesale 
preparation for trouble which does not exist is 
not scientific. 

In connection with education, I hope that 
Mr. Silley will be able to tell us exactly what 
steps are being taken in the ship repairing 
industry to produce better educated people. 
If something is being done in that direction, 
I am quite sure that ship repairing will 
become a real profession. It is already a 
potential profession. 

The President : It has been my experience 
that the shipowner can get his ordinary repair 
work done slightly cheaper in this country, 
but the work will take longer, whereas it 
will cost slightly more on the Continent, but 
it will not take so long. Either of these will 
not be necessarily better than the other, 
depending upon whether or not there is a 
boom in the market. 
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Mr. R. B. Shepheard was in the chair on 
the morning of Wednesday, March 21st, for 
the reading of :-— 


THE PRACTICAL APPROACH TO STABILITY 
OF SHIPS 


By H. E. STeex, C.B.E. 


SYNOPSIS 

The paper notes the study of stability by the 
shipbuilding and shipping industry and the Board of 
Trade and gives a historical survey of development 
of knowledge of the subject culminating in the 1948 
Safety Convention. The problem of statical stability 
is examined and curves of righting moments given 
together with an isometric presentation of GZ curves 
for a parent ship, for the plotting of curves for ships 
of similar form. Typical casualties and their possible 
causes are discussed and figures given relating to 
the stability of small ships, followed by an analytical 
study. Capsizing during fire-fighting in port is 
considered and a scheme for affording guidance in 
connection with this risk is offered for consideration. 

Professor C. W. Prohaska: I agree that 
there is considerable risk of ships with low 
freeboard capsizing in certain conditions and 
there is danger from hose water between decks 
during fire-fighting, and that information 
in this respect should be given to the captain 
of every ship. I also agree that it would be 
of advantage to have an adequate number of 
*tween deck bulkheads. 

With regard to experience concerning 
ships which have capsized due to a following 
sea, I recall the loss of a cement carrier, 
about 150ft long, which had all holds full 
except for part of the fore hold. Observers 
in a ship following saw that, after rolling 
15 deg. to the port side, the cement carrier sud- 
denly heeled over to 45 deg. to starboard and 
went down. The range of stability had seemed 
sufficient and the metacentric height at the 
time of the accident was about 17in to 18in. 
However, close investigation indicated that a 
mistake had been made in the calculation 
and that the range of stability was not 
65 deg., but only 40 deg. That occurrence 
emphasises the importance of exact stability 
calculations for ships. 

Dr. W. Muckle: Is it possible to state 
for any particular type of ship what is the 
minimum stability required, so far as the 
GZ curves are concerned, and also so far 
as initial stability is concerned in terms of 
metacentric height? We draw stability 
curves and compare them for various con- 
ditions of loading, but it is difficult to say 
whether a ship is absolutely stable or has not 
sufficient stability. 

Another question is, can a ship of good 
initial stability be capsized by mishandling 
in conditions of synchronous oscillations, 
even if the cargo is well stowed ? I was on 
the voyage referred to in the last paragraph 
of the paper and it was surprising that 
when practically no swell was visible, the 
ship was rolling about 15 deg. out of the 
vertical, indicating that synchronous rolling 
can produce very large angles of inclination. 

The question as to whether one should use 
GZ curves or righting moment curves is 
interesting, and I suggest that in dealing 
with wind moments, and instances of cargo 
shifting, the righting moment is the one we 
should use. But in the rolling of a ship 
amongst waves and in comparing the various 
conditions of loading, I do not think the 
righting moment is the true criterion, because 
the applied wave moment of the ship is also 
proportional to the displacement. 

Mr. H. S. Pengelly: As stated by Mr. 
Steel, there is often confusion about the 
effects of free surface, and, as we know, a 
ship upright in a tropical rainstorm is 
unstable, but that does not mean that it will 
capsize. Recently I made a voyage on a 
twelve-passenger/cargo ship of about 7500 
tons gross; when fully loaded with about 
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8000 tons of cargo the displacement was 
some 15,000 tons. The cargo was of great 
variety, which illustrates how necessary it 
is for Merchant Navy officers to have a 
good grasp of stability, if such cargo is to be 
properly stowed, and how important it is 
that complete stability data is supplied to the 
ships. 

I was impressed by the way in which the 
ship left every port upright and by her 
behaviour in bad weather. The worst rolling 
occurred on passage from San Francisco to 
Manila. The ship then carried about 5000 
tons of cargo and rolled about 25 deg. to 
port and rather less to starboard, for five or 
six days, but there was no shift of cargo. 
I suggest that, for ships of this size and 
service, flirting with small GMs in order to 
ensure comfort should be avoided, and that 
in any sea-going condition the GM should 
not be less than Ift 6in, and preferably 2ft ; 
the maximum GZ should be not less than 
2ft and should occur at an angle not less 
than 35 deg., and the range should be not 
less than 60 deg. 

There is often confusion about the stability 
of a ship under permanent list. A ready and 
approximate guide to stability in such a 
case can be obtained by moving the base 
line of the GZ curve vertically until it cuts 
the curve at the angle of list. This simple 
device might give an unfortunate master 
some guidance in deciding when safety of 
life should take precedence over safety of 
ship. 

Professor E. V. Telfer : It is a pleasure to 
see the author using almost archaic theory, 
at least 150 years old, and showing how really 
useful it is for solving most of the problems 
that arise in regard to stability and to 
explain most of the casualties that have 
arisen. It is with the idea of making such 
use of the paper that I would like to make 
one or two points of criticism, in the hope 
that the author might change some of his 
terminology for the benefit of students who 
may be inclined to use his paper as a Bible on 
the subject. 

The author is entitled to use the shorthand 
sign “GZ”; we all understand what it is, 
but so long as he is using the term “ GZ 
curve” I much prefer that he would delete 
the term “RM” and use “ righting 
moment,” because otherwise it will be quite 
confusing to those who think in terms of 
“BM” and other abbreviations on the 
elementary diagram of stability. He also 
states that “ Curves of righting levers, GZ, 
are suitable for comparing statical stability 
between different ships for their ordinates 
bear substantially a linear relation to the 
ships’ dimensions, whereas the ordinates of 
righting moment curves, WXGZ, vary 
approximately as the fourth power of the 
dimensions.” Surely for geometrically 
similar ships the GZ must bear an exact 
linear relation to the ships’ dimensions and 
the righting moment vary exactly as the 
fourth power of the dimensions. 

Mr. J. M. Murray: This paper shows 
clearly that the problem of stability is the 
problem of the small ship and not of the 
large ship ; statistics of casualties also bear 
that out. The author has said (in connection 
with his Fig. 2) that for any ship of similar form 
and proportions above and below water a 
uniform linear relationship applies. I think 
that when you come from a 470ft to a 120ft 
ship that relationship does not apply. 

With reference to synchronous rolling, 
about six years ago a small German coaster 
was lost in the Baltic in moderate weather. 
It was said that the ship was lost because of 
synchronism with the waves. But that 
finding was disputed, and it was stated that 


launched condition 


April 13, 1956 


it had been impossible to upset a m 
the ship by that method. — 

Professor A. M. Robb: How can My 
Steel show that a ship with small Gy 
will get into the synchronous condition which 
leads to capsizing ? If you cut down the GM 
period you increase the period of roll and so 
reduce the possibility of synchronism. | am 
surprised by Mr. Steel’s faith in GZ curyes 
for there is only one thing that matters 
apart from the centre of gravity, and that ig 
the height of the metacentre. 

Professor L. C. Burrell: I would have 
liked to have seen a statement in the paper 
that no ship less than, say, 120ft long should 
go to sea in the loaded condition with legs 
than Ift GM. If you take the results by and 
large of different ships, anything under jf 
tends to be dangerous. The author men- 
tions a criterion in terms of GZ curves. Some 
twenty-five years ago I suggested an alter. 
native criterion of stability, which was the 
percentage of the displacement which would 
have to be shifted from one side of a ship to 
the other to give a list of 15 deg. That is a 
technical consideration which is much more 
difficult for a ship’s officer to understand 
than is the simple GM ; but if we allow the 
calculation of that criterion by the wall sided 
formula I think it could quite readily be 
added as a second criterion. 

Mr. D. J. Doust : Any parameter of the 
form used to assess the dynamic behaviour 
of a vessel in a seaway is merely a con- 
venient yardstick. These yardsticks, whether 
they be the metacentric height, freeboard or 
GZ, vary considerably from one ship type to 
another, and considerable experience of any 
one type is necessary before these criteria 
can be applied with confidence. One of these 
criteria used extensively on the Continent for 
trawlers is Rahola’s criterion. This is based 
on the work done to incline the ship to known 
angles of inclination, and this dynamic lever 
has been found to agree with some results 
derived from model experiments conducted 
at the ship division, National Physical 
Laboratory. The Rahola criterion is based 
on actual ship results and has been found to 
be reliable for trawlers in the range 100ft to 
120ft BP ; no doubt similar methods could 
be evolved for other ship types. 

A similar problem investigated at the 
N.P.L. concerned the side-launched behaviour 
of various ships. The two problems are 
interlinked, both involving behaviour of 
vessels which are inclined transversely up to 
high angles of inclination. During the 
investigation the metacentric height in the 
was systematically 
reduced, until at a critical value the vessel 
was observed to capsize. 


Some of these results from side-launching 
may have a bearing on the present problem. 
Once the vessel has entered the water, its 
submerged motion consists essentially of an 
angular rotation, the sideways linear motion 
being heavily damped. It perhaps approxi- 
mates closely to a vessel in a seaway, under 
the action of a suddenly applied force such 
as a heavy gust of wind. Under these con- 
ditions it was concluded that : (1) the influence 
of the form of the vessel had a major effect 
on the subsequent motion, and it was found 
that the metacentric height of the finer forms 
could be reduced with safety, while the fuller 
forms required a much greater critical GM 
to avoid capsizing; (2) the metacentric 
height for the same form did not materially 
affect the angular rotation once the vessel 
was fully immersed in the water. As the 
point of instability was approached, the 
buoyancy forces which one would expect to 
assist in restoring the vessel to the upright 
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were absent, because the vessel was virtually 
in a wave trough. 

| suggest that model experiments, con- 
ducted in various wave systems in the tank, 
with a systematic variation in stability, 
freeboard and other variables, could well 
rovide the link with the author’s own 
ractical results and the theoretical con- 
sideration he has mentioned in the text. 

Mr. B. Baxter: I agree that GZ curves 
are suitable for comparing the statical 
stability of different ships, but curves of 
righting moments for different conditions 
are more convenient for individual ships ; 
but a Ministry of Transport notice states 
that curves of statical stability should be 
derived from the cross curves. This presen- 
tation of the results can be misleading to a 
ship’s officer, particularly if all the curves 
are drawn on one diagram. 

| think a strong argument could be put 
forward for the inclusion of the free surface 
correction at all angles of inclination when 
dealing with normal ship conditions. Not 
only will this over-estimate the correction, 
and therefore tend to make the ship safer, but 
it will save a very large amount of detailed 
calculation. 

[would like to ask the following questions :— 
What is the minimum safe value for the 
GM of a ship when in the worst service 
condition ? How are the curves of statical 
stability for different types of ships compared ? 
When carrying a deck cargo of timber, 
what allowance should be made for water 
absorption during a voyage ? What allow- 
ance should be made when carrying esparto 
grass ? What growth is usual in the light- 
ship weight of ordinary cargo ships per year ? 

Professor S. J. Palmer : The usual argu- 
ment in favour of designing merchant ships 
with small metacentric heights is that a low 
GM leads to long-period rolling and that 
this is more comfortable than the short- 
period rolling obtained with a high GM. 
In general this is not true. In the irregular 
waves met at sea there are usually com- 
ponents whose lengths vary from very short 
to very long, and a ship responds most to 
the components in resonance with its own 
natural period. A moderate change in 
natural period will not allow the ship to 
escape the possibility of synchronous rolling 
with some components of the irregular sea. 
In short, with a random distribution of 
energy in the wave components and with the 
possibility of steaming different courses 
through these waves, there is no reason to 
think there is a greater probability that more 
energy will be imparted to the ship if it has a 
smaller natural period. 

Warships usually have between 3ft and 
6ft metacentric height in the deep condition, 
to give enough stability after damage by 
enemy action, and are usually quite com- 
fortable with these high GMs, and not any 
less comfortable than merchant ships of 
similar size. I suggest that there is no 
justification for low GMs, and that larger 
values would give a greater safety margin, 
would lessen the need to ballast and would 
not lead to an appreciably less comfortable 
roll. Bigger GM means slightly greater 
beam, but smaller draught, and the net effect 
should not usually make docking and berth- 
ing more difficult. 

A film illustrating the various types of 
dredges and their equipment in operation 
was shown in association with the second 
paper, read on Wednesday morning, which 
was “A Survey of Dredges and Other 
Harbour Craft,” by H. H. Hagan. 

Sir Stanley V. Goodall was in the chair on 
Wednesday afternoon, when the first paper 
presented was :— 
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A SHIPBORNE WAVE RECORDER 
By M. J. Tucker, B.Sc. 
SYNOPSIS 


The instrument described measures waves from a 
ship at sea. It combines measurements of the sea 
pressure at a point on the ship’s hull with the vertical 
displacement of this point obtained by double inte- 
gration of the output of a vertical accelerometer. An 
instrument has been in service for more than two years 
and has taken many thousands of records. 


DISCUSSION 

Dr. J. F. Allan: This instrument sounds 
almost too good to be true. There have 
been previous methods, based on photo- 
graphic work, which could be used to esti- 
mate the state of the sea, but we are pleased 
that this instrument has been developed and 
congratulate the National Institute of 
Oceanography on its work. 

The principles on which the instrument is 
based are quite obvious, but it is surprising 
that its work can be done so easily. The 
author states that the accuracy is reasonably 
high over the main range of waves and has 
indicated that some checks have been made 
against outboard measurements. Against 
what standard has he checked that accuracy ? 
The instrument is simple and reliable, and if 
the accuracy claimed is acceptable and 
proved, then I think it is quite adequate for 
the purposes of naval architects. 

It is stated that the instrument is used 
mostly when the ship is hove to, and I ask 
if the instrument can be used at full speed on 
an ordinary merchant ship ? If the answer 
is “‘ No,” then its use is limited. Can the 
author give some indication of its cost and 
the skill required in its operation ? The 
development of the instrument is opportune, 
because the interest on the research side in 
the behaviour of ships at sea is increasing. 

Professor G. Aertssen: In recent years 
figures have been put forward concerning 
weather effects on ship propulsion, but there 
is little agreement between those figures. 
Undoubtedly the reason is the lack of instru- 
ments. A reliable record can be made of the 
strength and direction of wind, but until now 
the accurate assessment of the length, height 
and direction of the wave has been difficult. 

The shipborne recorder gives the solution. 
The typical wave record given by the author 
seems to be a good record of a large ocean 
wave, and the analysis of this record, together 
with that of ship motion, must give informa- 
tion on weather effect, provided the ship is 
equipped also with torsionmeter, thrust- 
meter, pitometer log, anemometer and wind- 
vane, and that these instruments are calibrated. 

Provided corrections are made, I think that 
with this instrument reliable records can be 
obtained under way. Frequently the length 
of a wave is measured by the period of 
encounter, and this is the wave period 
corrected by ship’s speed and course. The 
waves, I think, are not altered very much by 
the ship. It is so important to obtain wave 
records taken during trials that they must be 
of the greatest interest in research on weather 
effect on a ship. 

Mr. D. E. Cartwright: With a spectral 
analyser we can analyse sea waves very 
accurately, and we thought that ship motion 
could be subjected to the same _ type 
of analytical technique. Therefore we 
measured ship motions in conjunction with 
the wave recorder. The study of ship 
motion in the past has been confined almost 
entirely to theoretical calculation and 
measurements of the motion of models in 
regular waves in tanks. There have been a 
large number of ship motion measurements, 
some very accurate, but you cannot do an 
involved analysis by those means unless you 
can measure the waves as well. 

We measured the waves first by steering a 
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ship at about 7 knots in various directions, 
and observing the motion of the ship in the 
period. If you deal with a simple swell 
having long crests in one direction, no 
matter how its periodic component varies, 
you can analyse the direction by this method. 
Having analysed the waves, we also analysed 
the ship motion and compared the two, using 
a linear theory by the superposition of linear 
equations, with encouraging results. 

We do not always obtain perfectly accurate 
records, but within the limits of 10 per cent 
these ship motions seem to confirm the 
accuracy of the instrument at a speed of 
about 7 knots. I would not like to say what 
would happen at 15 or 20 knots. 

Mr. A. J. Williams: The paper shows 
that with the present installation, waves 
of period less than about 6 seconds—i.e. of 
length less than about 180ft—cannot be 
measured with accuracy. Whilst this limi- 
tation is probably acceptable for open 
ocean locations, there aré areas, such 
as the North Sea, in which waves of this 
length would be of considerable importance. 
The limitation appears to be a function of 
the size of the ship carrying the recorder. 
Can the author say whether mounting the 
instrument in a smaller vessel would signifi- 
cantly increase its range for use in coastal 
waters ? 

The instrument enables ship and wave 
motion records to be obtained simultaneously 
and directly correlated, but it appears that, 
the record having been obtained, weeks of 
work must be faced before any results are 
available. Is any effort being made to pro- 
duce some form of automatic analyser for 
use whilst the record is being made ? 

Mr. L. Woollard : I am not quite certain 
how far the author has taken into account 
the correction which allows for the increase 
or decrease of pressure in the motion of the 
wave. I should like to know whether some 
means of checking the motion with a cine 
camera can be devised. I have in mind the 
entrances to some harbours, such as Boulogne, 
where there are long rows of jetties, where 
the waves can get through the staging without 
too much interference. 

Professor E. V. Telfer: In this type of 
work we are getting towards the idea of the 
Froude-Kriloff hypothesis, that the passage 
of the waves around a ship does not interfere 
with the waves. I think that is a little far- 
fetched as a hypothesis, and it suggests to 
me that your record will automatically correct 
for this hypothesis. In other words, you are 
measuring waves modified by the presence of 
the ship; so that the information you give 
may not be entirely independent of the ship 
on which you take the records. 

Also, can we have the instruments on a 
ship going straight ahead and take records of 
the waves the ship is meeting and analyse them 
both for propulsion and resistance ? 

Mr. J. H. B. Chapman: I am not clear 
about what practical naval architects will 
make of this information. In the Admiralty 
we have approached the problem from per- 
haps the other direction. What we want to 
know is how much the ship moves, what 
happens to the ship, what sort of motions 
have we got to contend with. Therefore we 
have been developing two different types of 
instrument. One is a statistical recorder 
which records over the motions of a ship 
rolling or pitching, and which will tell how 
many movements exceed certain preset 
figures, and will give a complete analysis of 
the number of rolls exceeding 2 deg., 3 deg., 

5 deg., and soon. That instrument, we hope, 
can be placed in a ship and be started by the 
ships’ officers when they want to take records. 


(To be continued) 
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Computer Control of Milling 
Machines 


A system of using a digital computer to control a machine tool has been developed 
by Ferranti, Ltd., Edinburgh. The system was demonstrated recently as applied to 


a milling machine. 


Each movement of the milling machine is continuously 


determined by a servo mechanism operated by a control console in conjunction 
with a diffraction grating measuring system. The instructions given to each servo 
mechanism channel on the machine tool to produce the desired contour are 


formulated in a digital computer and “ written 


> 


on a magnetic tape which is 


‘* read ”’ in the control console. 


A METHOD of controlling the operation of a 
milling machine by a magnetic tape carrying 
data prepared by a computer was demonstrated 
recently in Edinburgh by Ferranti, Ltd. Briefly, 
the basis of the system is that each movement 
of the milling machine is equipped with an electro- 
optical method of measurement which has an 
inherent accuracy better than that of the machine. 
Positioning of the workpiece throughout the 
milling operation is effected continuously by a 
high-performance servo mechanism, using the 


sheet from the drawing to prescribe a sequence 
of operations for the milling machine. A typical 
portion of a planning sheet for milling the control 
lever in Fig. 1 is detailed in Table I. In this 
example, assuming that the control lever is to be 
machined from the solid, the basic machining 
data (cutter feed rate, 5in per minute and cutter 
diameter 0-75in) are entered on the planning 
sheet. Dimensional data are also transferred 
to the planning sheet in Table I. 

In this way the required operations are detailed, 
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X and Y Plane SECTION ON AA. 


Fig. 1—Control lever partly dimensioned with reference to system of rectangular axes 


electro-optical measuring system as feed-back. 
Associated with each machine tool there is a 
control console which translates the data on the 
magnetic tape into instructions governing the 
operating of the servo mechanisms and, therefore, 
the relative positions of the milling cutter and the 
workpiece. The data on the magnetic tape are 
produced i in an electronic digital computer which 
is capable of providing this service for a large 
number of machines. 

There are five main stages in the operation 
of this computer controlled system. First, a 
drawing is made of the workpiece, preferably 
dimensioned in a system of rectangular co- 
ordinates. In Fig. 1, a control lever is shown partly 
dimensioned in this way : the x, y co-ordinates 
determine the position of the table carrying the 
workpiece, with respect to the spindle and z 
determines the depth of cut. To avoid the com- 
plication of negative signs the origin is chosen 
outside the workpiece. 

The second stage is the preparation of a planning 


line-by-line on the planning sheet until every 
movement necessary to produce the control 
lever has been specified. Feed rates can be 
altered by inserting appropriate commands 
in the “Instructions” column ; other require- 
ments, such as stops for tool change can be 
programmed similarly. The cutting of profiles 
along straight lines, circles, ellipses, parabolas 
or hyperbolas can be planned without difficulty. 
Other curves can be followed by inserting suffi- 
cient ordinates in the planning sheet, with a 
suitable instruction, from which the computer 
will produce a smooth curve through the 
ordinates. 

The third step is to convert the information 
on the planning sheet into punched paper tape 
which is then used as input to the computer. 
Encoding on the paper tape is done by copy 
typing on a teleprinter. 

The fourth step is to feed the paper tape into 
the computer which performs the necessary 
calculations to define the path of the centre of the 
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Linear Movement — Fringes 





(a) Fringe effect produced by superimposing two sections of 
identical grating. 

(6) Fringe pattern after travel of one half line. 

(c) Fringe pattern after travel of one complete line. 


Fig. 2—Méeasuring system based on fringe effect 
produced by two diffraction gratings 


cutting tool as a series of movements in each 
axis (x, y, z) in terms of the electro-optical 
measuring systems fitted to these axes. The 
instructions produced by the computer to pro- 
duce the desired machine movements are recorded 
on magnetic tape. Four channels are recorded 
in parallel on the tape: one for movement in 
each axis and the fourth for giving the machine 
tool switching instructions and for providing a 
check on the whole operation, making use of the 
fact that when the work is complete and the tool 
is back at the starting point, x+y+z=0. 
Finally, the magnetic tape is fed through the 
control console to determine the continuous 
movements of each axis in terms of the electro- 


‘optical measuring system. 


The essential element of the measuring system 
is a length of optical diffraction grating with a 
line structure consisting of an accurately known 
number of lines to the inch, the lines being at 
right angles to the length of the grating (Fig. 2). 
Two such gratings—a long one, fixed to the table, 
and a short one fixed to the machine—are super- 
imposed with a small tilt along the longitudinal 
axis of the system to produce an interference 
pattern. Movement of the table causes move- 
ment of the fringe pattern at right angles to the 
line structure and can be measured by counting 
the number of fringes traversing the beam of a 
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optical 
in conjunction with a long grating on the table 


photo-electric system as indicated in Fig. 2(a), (6), 
(c). For example, using gratings with 5000 
lines per inch, a movement of half an inch will 
cause 2500 interference bands to pass the point 
being inspected by the photo-electric system : 
also the number of bands per second is a measure 
of the rate of travel. The varying light intensities 
caused by the passage of the interference bands 
are converted by the photo-cell elements into 
electrical signals and these waveforms are used to 
form a digital measuring system of two pulses 
per grating line. The action of the servo- 
mechanism associated with the table drive is to 
lock the pulse train issuing from the diffraction 
grating system to the command pulse train 
produced by the magnetic tape in the control 
console. These two pulse trains are locked to an 
accuracy of one pulse. Accordingly the position 
of the table does not deviate from its correct 
position by more than the spacing of the diffrac- 
tion grating, in this case, 0-0002in. 

Each of the machine tool movements (in this 
instance the two motions x and y of the table and 
that, z, of the spindle depth), is equipped with a 
separate measuring system of the kind outlined 
here. The assembly containing the optical and 
photo-electric scanning system of the measuring 
device is shown in Figs. 3 and 4. 

On each movement that is being controlled 
directional discrimination must be provided. 
It is done by scanning two points separated by an 
odd number of quarter wavelengths of the pattern 
on the grating. The outputs from these two points 
form a two-phase electrical system, from which 
the required directional information can be 
deduced by conventional means. 

This method of measurement by “ counting ” 


4—Optical unit containing light source, lens, inde: 


and photosensitive elements. 
a —— of ee, 

grating on le. 
C—Sealing — 
D—Gearbox = servo-motor driving leadscrew. 


machine 


Fig. 4—Installation of drive and measuring equipment on one slide of 
vertical milling 
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Fig. SNE CEE OS for automatic control of milling operation in 


fringes uses information taken from a relatively 
large area of grating, the interference pattern being 
an integration of a large number of intersections. 
It follows that lengths of grating can be placed 
end-to-end, with small gaps if necessary. The 
absence of a few lines merely lowers the contrast 
of the pattern by a corresponding amount, with- 
out impairing the accuracy of the system. 
Accordingly, to allow for a travel greater than, 
say, 3ft or 4ft a number of 3ft lengths of grating 
could be placed end-to-end. 

The servo-motors which drive the machine 
slides through anti-backlash gearing, as described 
below, are three-phase, 400 c/s induction motors, 
designed for an output of 0-5 b.h.p. at 1000 
r.p.m. They are fed from high-performance 
magnetic amplifiers in the control console. Each 
motor is fitted with a magnetic drum brake to 
lock the corresponding slide when the motor 
is de-energised. The 
brake also operates as 
an emergency stop if 
the machining tolerances 
are exceeded or when 
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bearings. Thrust loads are carried by 
taper roller bearings. The whole reduction train 
is designed to offer minimum inertia loading to 
the high-performance servo-motor. Lubrication 
is by oil mist, with the cast gearbox casing 
forming a sump. 

The reduction ratio of the standard gearbox 
gives an output shaft speed of 120 r.p.m. at peak 
motor power. The output shaft is arranged to 
drive in three alternative planes to allow for 
variation of machine geometry, and a self- 
aligning torque-limiting coupling is fitted to 
protect the gearbox from overload. It is coupled 
to the leadscrew, or other driving element of the 
machine, and it is recommended that backlash 
loading be employed on the machine feeds to 
keep the transmission efficiency high under con- 
ditions of preload. On the machine demon- 
strated to us, recirculating ball leadscrews were 
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the limits of travel of the 
slides are reached. The 
motor drives through a 
backlash-loaded _gear- 
box (Fig. 6), all gears 
being case hardened, 
profile ground, and 
journalled on needle 


Fig. 6—Standard gearbox with servo-system for driving lead screw in 


response to control console 


fitted, with two nuts spring-loaded to 500 Ib. 


CONTROL CONSOLE 


The console controlling the milling machine 
can be seen to the right of Fig. 5. It contains 
electronic equipment for reading the four-channel 
magnetic tape prepared by the computer and 
converting the instructions on the tape into con- 
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trolled power for the servo-motors driving each 
of the feeds of the machine. The operation of 
the servo-motors is accurately monitored by the 
measuring system described above. 

The only manual operation required after 
loading the magnetic tape is to locate the work- 
piece and the tool in relation to the datum 
position of the machine, which is usually the 
origin of the system of axes adopted in the 
planning operation. Thereafter the magnetic 
tape controls milling operation. Changes such 
as coolant position and spindle speed and tool 
changing in a suitable turret head can be effected 
automatically by control signals which have 
been specified at the planning stage and incor- 
porated in the magnetic tape. 


PERFORMANCE CHECKING 


Continuous checking of the operation is 
effected by providing the magnetic tape with a 
fourth channel besides the three channels con- 
trolling the x, y and z movements. When the 
tape is being recorded by the computer a pulse 
train is recorded on this fourth channel, the 
number of pulses on which is equal to the alge- 
braic sum of the pulses on the x, y and z channels 
divided by four. Circuits are included in the 
machine control console which summate the 
pulses received from the x, y and z measuring 
systems on the machine tool and check that this 
algebraic sum divided by four compares with the 
pulse train on the fourth channel. Thus any 
fault, such as tape damage, incorrect reading, or 
failure in the electrical circuits, will be detected 
and protective gear actuated if the cumulative 
discrepancy should exceed predetermined limits ; 
at the same time brakes will be applied to all the 
servo-mechanisms to stop the slides. This 
facility operates in conjunction with error-limit 
monitors on the register of each channel. 

The computer and the control unit are made 
up as far as possible of standarised circuits. 
Except in the case of power packs and magnetic 
amplifiers these circuits are mounted on small 
cards which are inserted in removable trays to 
simplify maintenance. Only three basic types 
of card are required for the control console. 
The basic element is the germanium diode and 
all joints are dip soldered. 

A marginal checking facility is provided 
whereby the supply voltage can be lowered 
while a special tape is being read. By lowering 
the voltage on each tray in turn this marginal 
test reveals any potentially defective units and 
allows for replacement in anticipation of failure. 
All the circuits have been designed so that any 
components, including valves, can change their 
characteristics, simultaneously, by at least 30 per 
cent in the worst direction, without affecting the 
operation of the system. 

Because the control console constitutes an 
indirect link between the computer and the 
machine tool advantage can be taken of the very 
high speed at which thé computer operates ; a 
single computer can provide control tapes to a 
number of machines. The recording speed is 
eight times the playback speed, and thus if each 
tool is required to make only one of any type of 
part, the ratio of machines per computer is 8 : 1. 
Normally the duplication rate will be higher 
than this, and it is anticipated that on average one 
computer will be able to provide service to fifty 
machine tools. 

To allow firms which only have a requirement 
for a small number of machine tools to take 
advantage of the system, a computer service is 
available whereby users can hire time on a com- 
puter by dispatching either planning sheets or 
paper tapes to the computer centre and receiving 
reels of magnetic tape carrying the instructions 
for the console controlling their machine tools. 

The machine that we saw demonstrated under 
the control of the Ferranti system, as illustrated 
in Fig. 5, was a CVA, Kearney and Trecker 
(Milwaukee) HP No. 2, Model C.E. Two 
specimens, a spar and a half wave guide, were 
milled out of the solid, aluminium alloy. The 
spar was completed in about sixteen minutes’ 
milling time, compared with about five hours by 
manual control. Milling of the wave guide 
occupied about eight minutes, compared with 
twelve hours. The comparative times for the 
control lever illustrated in Fig. 1 are stated to be 
seven minutes, as against twelve hours, 
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Nuclear Reactors for Power Generation 


A symposium of papers on nuclear energy was held at the Institution of Mechanical 
Engineers, London, on Wednesday, March 28th, when four papers were presented 
for discussion: “* Nuclear Reactors for Power Generation,” by B. L. Goodlet ; 
“* Steam Cycles and Nuclear Power Plant,” by R. E. Zoller ; “* Heat Removal 
from Nuclear Power Reactors,” by Professor Jack Diamond, and “‘ Shielding 
against Nuclear Radiation,” by C. E. Iliffe. Mr. Goodlet’s paper outlined some 
of the problems met in design studies of solid fuel reactors and was in three parts, 
the second of which, a critique of reactor design, is abstracted here. 


DESIGN FOR A Fast NEUTRON REACTOR 
|= simplest reacting assembly imaginable is 

a sphere of uranium metal sufficiently rich 
in U235 to allow the chain reaction to develop 
with fast neutrons, The greater the degree of 
enrichment the smaller will be the critical 
diameter of the sphere. 

To achieve control the sphere might be divided 
into two halves, each subcritical by itself. With 
the halves closed up the chain reactions would 
build up ; with halves widely spaced neutron 
leakage would be much greater and K would be 
below unity.* At some intermediate spacing the 
fission rate would be constant. Other con- 
ceivable methods of control are (a) to control 
neutron leakage by means of an adjustable 
reflector, (6) to vary the amount of fissible 
material in the reactor core, and (c) to vary the 
amount of neutron absorber in the core. 

In all cases the equilibrium is dynamic, drift 
being checked by frequent small adjustments of 
the control. As explained in Appendix If, the 
problem of control is eased by the fact that about 
0-73 per cent of neutrons from fission (of U235) 
are born up to a minute later, so that if the 
excess of K over unity is due only to delayed 
neutrons, build-up is much slower. It should, 
however, be noted that a lot of these delayed 
neutrons are born with much lower energy than 
the fission neutrons ; in a thermal reactor this 
does not matter, since all neutrons must be 
slowed down, but in a fast reactor this fact 
makes the effective delayed neutron fraction 
much smaller and control much more difficult. 
The control and emergency shut-down system 
must be so reliable that no catastrophic rise of 
power can ever occur. 

From the practical standpoint a sphere is an 
awkward shape, and the nuclear picture is 
almost as good when the reactor core has the 
shape of a right cylinder with a height about 
equal to its diameter. Such a cylinder has the 
same ‘surface/volume ratio as the inscribed 
sphere, although it has a volume 50 per cent 
bigger. This is the shape chosen for the core of 
the zero energy fast reactor “Zephyr” at 
Harwell which has been described as follows :— 

“The reactor consists of a cylindrical core 
with a height and diameter of about 15cm, 
which at present contains natural uranium and 
plutonium surrounded by an envelope of 
uranium. The top envelope immediately above 
the core can be raised and the main envelope 
lowered to give easy access to the core which is 
supported by the fixed part of the uranium 
envelope. Underneath the core is the safety 
block, a cylinder of uranium which can be 
pulled out in order to shut down the reactor. 
The removal of the safety block reduces the 
reactivity of the reactor by making it possible 
for neutrons to escape more easily from the core. 
The same: principle is employed for the control 
and safety rods, which consist of uranium rods 
moving vertically in channels situated sym- 
metrically around the core. 

“The control and safety rods are raised or 
lowered by motorised carriages to which they 
are attached by small electro-magnets and, if the 
magnet currents are interrupted, the rods fall out 
under gravity. The safety block is designed to 
have a rapid forced withdrawal. 

“Since the experiments contemplated needed 
a maximum operating power level of only a 
few watts no provision was made for cooling 
the core. The measurement of power level is 
accomplished by fission chambers using pulse 
counting methods.” 

* K, the constant or multiplication factor of a 
trons 


reactor, is the ratio of number of neu in present generation 
trons in preceding generation, 


to number of neu! 
t Not 





A fast reactor generating appreciable power 
must have a cooling system. A uranium cylinder 
can be imagined pierced by cooling holes parallel] 
to the axis, through which a coolant is pumped, 
Making such holes removes fissile material from 
the core, and this loss must be offset either by 
further enrichment or by greater overall size. 
Holes through the core also provide an easy 
path for neutrons to escape from its interior, 


.and increased leakage must be compensated 


by putting more fissile material in the core, 
Thirdly, the coolant may scatter neutrons and 
so change the neutron spectrum. Finally, the 
absorption of neutrons in coolant and coolant 
tubes will also need to be compensated. For all 
these reasons the addition of a cooling system 
is a considerable complication of the initial 
simple design concept. 

A solid uranium cylinder pierced by holes is 
not a practical conception, but the advantages 
of the cylindrical shape can be secured by using 
a number of separate long and thin “ fuel ” rods 
assembled as a bundle between tube plates 
within a cylindrical shell, The coolant can then 
flow axially as before through spaces left between 
the rods. 

Uranium metal is chemically very reactive 
and incompatible with most coolants. In 
addition, the fission products produced in the 
uranium are all radioactive and therefore must 


TaBLe I.—Particulars of Proposed Fast Neutron 
Reactor 


Reactor heat rate (core+blanket), MW 500 

Gross electrical output of plant, MW... 154 

Net electrical output of plant, MW ... 145 

Net overall 7, per cent 29 

Active core, 38in x 38in cylinder, cubic . 

Primary sodium flow ... ...... ... 600 deg. Fah. +900 
deg. Fah. at 30ft per 


second 
550 deg. Fah.—850 
deg. Fah. 
485 Ib per square inch 
uge at 750 deg. 


Secondary sodium flow 
a re 
Cost of plant per electrical kW 


A 
— power density in core= 500,000/25 = 20, 
oot. 


‘ah. 
bout £130 
,000kW per cubic 


not be allowed to get entrained in the coolant. 
Each of the uranium fuel rods consequently has 
to be “canned ”’—that is, enclosed within a 
thin but impervious container of a metal that is 
compatible both with uranium and with the 
chosen coolant. Alternatively, the uranium 
must be alloyed with some other element to an 
extent that satisfies the requirement of com- 
patibility. The volume of a surface layer 
only */sin (0-79mm) thick on a uranium rod of 
lin (2-54cm) diameter is some 12 per cent of the 
volume of the uranium, so that cans introduce a 
considerable amount of unwanted neutron 
absorption into the reactor core. The con- 
sequences of alloying are similar. 

A fast-breeder reactor conceived on these 
general principles has been put forward by one 
team of American engineers. 

The active core of this reactor is a right 
cylinder 38in in diameter and 38in high. The 
leakage neutrons are absorbed in a “ breeder 
blanket ” of either depleted or natural uranium 
surrounding this core. The core, blanket and 
reflector are all contained within a steel tank 8ft 
in diameter and 8ft high. Provision is made in 
this vessel for the circulation of liquid sodium, 
for access to permit refuelling and for the control 
mechanism. 

Heat removal is by liquid sodium flowing at 
30ft per second (915cm per second) between 
headers above and below the active core. The 
sodium from the core goes to two intermediate 
heat exchangers which it enters at 900 deg. Fah. 
(482 deg. Cent.), and leaves at 600 deg. Fah. 
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(315-5 deg. Cent.). Heat is transferred from 

reactor coolant (which has strong induced 
radioactivity) to an intermediate coolant which 
jg also sodium. This intermediate coolant 
circulates through a second set of heat exchangers 
in which steam is raised. : 

Control is achieved by moving a reflector 
situated between core and blanket or by relative 
displacement of part of the core. The core 
consists of “an assembly of a large number of 
stainless steel fuel elements.” Other particulars 
are given in Table I. ; 

This design will now be analysed, assuming 
that 30 per cent of the heat is generated in the 
planket and that the fuel elements are cylindrical 
rods about 38in long and jin in diameter hung 
from a tube plate at the top of the reactor. These 
assumptions are almost certainly incorrect, but 
will serve for argument. In order to remove 
350MW with a temperature rise of 300 deg. Fah. at 
a speed of 30ft per second, the area for sodium flow 
in the core must be about 2-1 square feet. Since 
the area of a circle 38in in diameter is 7-85 square 
feet it appears that about 26-8 per cent of the 
total core volume is filled with coolant. If the 
remaining 5-75 square feet of core circle is filled 
with fuel rods of 4in diameter then there must 
be 16,900 of them, with the general proportion 
of knitting needles (L/D=150). The total 
cylindrical surface of these rods washed by the 
coolant is 3520 square feet, or 3-27 x 10° square 
centimetres. The mean heat flux across this 
surface is 330/3-27=107W per square centi- 
metre (340,000 B.Th.U. per hour per square 
foot), whilst the maximum heat flux at the mid- 
point of the central rod may perhaps be 40 per 
cent higher. 

The stainless steel referred to in connection 
with the fuel elements can only be a surface layer 
of cladding. If this is 0-015in thick on a uranium 
rod of diameter 0-220in, then 16-6 per cent of 
the core volume is filled with stainless steel. 
The total volume of fuel is therefore about 
397,000 cubic centimetres and the mean rate of 
heat generation in the fuel is therefore 880W per 
cubic centimetre. The calculated temperature 
difference between the centre and surface of the 
uranium rods (a distance of only 0-1 lin) is then 
about 50 deg. Cent. (90 deg. Fah.). The hot 
centre part of the rod will try to expand radially 
and axially against the restraint exerted by the 
cooler outer portions. The result is compression 
of the core and tensions in the skin in both axial 
and circumferential directions. For the example 
being analysed it is easily computed that the 
maximum stresses are of the order of 7200 Ib 
per square inch. Thin rods self-stressed to this 
extent may well bend and distort ; bending is 
likely to constrict the flow of coolant past one 
side of the rod and so cause that side to run hot, 
leading to further distortion. The geometric 
pattern of the core may therefore be thermally 
unstable. 

In view of the high coolant speeds some vibra- 
tion would not be surprising and, in this event, 
fretting corrosion might be a trouble. The 
difficulty of supporting 17,000 thin and closely 
spaced rods and of their safe insertion and 
removal from the tank full of radioactive and 
ignitable sodium are considerable problems of 
mechanical design. 

This rough analysis of a partly disclosed and 
partly assumed design shows fairly clearly the 
difficulties of fast neutron reactors. - Such reactors 
will only work with fuel of fairly high fissile 
content. Such fuel makes for small critical size 
and a small but expensive core. To keep down 
the cost per unit of output the designer has to 
make the output large; the output per unit 
volume therefore becomes very large and heat 
removal becomes a limiting factor. Since there 
is a limit to the permissible surface heat flux, 
the amount of cooling surface has to be large in 
spite of the small size of the core. The resulting 
essential but excessive subdivision of the core 
leaves its individual fuel elements thin, mechanic- 
ally weak and difficult to support. 

The operating experience and experimental 
results obtained from a sodium-cooled, small, 
fast reactor are discussed in G.P. 813, while 
G.P. 501 describes the engineering design of 
the A.N.L.t Experimental Breeder Reactor II— 
a plutonium-fuelled, sodium-cooled fast reactor 


t Argonne National Laboratory, Illinois, United States of 
America, Many, a 
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for 6OMW of heat output scheduled for com- 
missioning in 1958. A general review of fast 
reactor problems is given in G.P. 814. 


DIGRESSION ON HEAT REMOVAL 


The problem of heat removal in this kind of 
design—a cylindrical core with flat strip or 
round-rod fuel elements in axial cooling ducts— 
deserves further consideration. Three processes 
must be distinguished : 

(1) Heat conduction from inside the fuel 
element to its cooled surfaces. 

(2) Heat transfer from the cooled surfaces to 
the coolant. 

‘ (3) Heat transport by the coolant along the 
uct. 

Heat Conduction.— 


Let 6,=temperature of fuel at its hottest point 

(centre), deg. Cent. 

6,;= temperature of fuel at its surface, deg. Cent. 

K=thermal conductivity (—0-35 for uranium), 
watts per square centimetre per deg. 
Cent. per centimetre. < 

2r=diameter of fuel rod (or thickness of flat 
plate). 

p=heat rate per unit volume of fuel, that is, 
power density in watts per cubic centi- 
metre, assumed uniform. 

F=heat flux=4pr for cylinder, pr for flat plate. 


Then it is easy to prove that 


Fr 
* ae 

The centre temperature 9 must be kept below 
some limiting value which may be the melting 
point, the «-8 change point of uranium (660 deg. 
Cent.) or the temperature at which some heat- 
treatment disappears. The surface temperature 
6, must of necessity be above the coolant tem- 
perature. The difference of these temperatures 
has therefore an upper limit which cannot be 
exceeded, and often may not be attained because 
of the need to limit heat flux, or the thermal 
stresses, which are proportional to (9,-9,), to the 
expansion coefficient and to E/(1—s), where E 
is Young’s modulus and ¢ is Poisson’s ratio. 

The temperature differences between fuel 
element and can and between can and coolant 
are also proportional to heat flux, so that if 9, 
is the coolant temperature 


Rea a co DD 


6,.—9 (1) 


In production reactors 9, can be low—below 
100 deg. Cent.—but in power reactors 9, must 
be high—250 deg. at least—so that heat transfer 
is much more difficult because the driving tem- 
perature drop is smaller. Ail the processes of 
heat conduction, heat transfer, heat transport 
and thermodynamics have to be squeezed out 
of the temperature drop between 9, and the 
temperature of the cooling water in the turbine 
condensers. 

Heat Transfer.—The heat rate per unit length 
of a strip or rod fuel element is H=FS where S 
is the cooled perimeter. The relation between F 
and the temperature difference between surface 
and coolant is fixed by the correlations of heat 
transfer theory. The wish to keep the temperature 
difference small may limit the heat flux which 
can be used. The heat flux for a given tempera- 
ture difference increases roughly as the 0-8th 
power of the coolant speed, but pumping power 
goes up almost as the speed cubed. 

When the limit on F is restrictive S may be 
increased by using cooling fins, but at the cost 
of greater neutron absorption. i 

The dilution of the fissile material by fertile 
material dictated by nuclear considerations is 
also a great help in heat transfer. One ton of 
uranium 235 will make 340 rods lin in diameter 
and Ift long, having a total cooling surface of 
89 square feet. In the form of natural uranium 
this same amount of fissile material will be dis- 
tributed through 140 times as many rods of the 
same size with 140 times more cooling surface. 
If the rate of fission is the same in both cases the 
heat flux in the first case will be 140 times greater. 

A similar gain can be achieved in homogeneous 
reactors where the fissile material is distributed 
uniformly throughout the very much greater 
bulk of the moderator. Finning and dilution 
may thus be regarded as alternative methods of 
increasing the cooling surface per gramme or 
cubic centimetre of fissile material. 
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Heat Transport.—The heat rate per unit length 
of duct H is usually a function of the distance x 
from entry, so that the temperature rise (7,—T>) 
of the coolant must be found from the relation 


[arma co¥ 19 6g tiara 
0 


where c is the specific heat of the coolant, p the 
density, V the velocity, and A the flow area in 
the duct. 

The surface temperature at the same point is 
found by adding the appropriate temperature 
difference for heat transfer to T7,. The mean 
“* transfer heat flux ” along the duct of length / is 


I 


i 
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The ratio of peak to mean heat flux in reactor 
ducts is usually below 1-5. Obviously 


FolS=Q=A.cpV(T;-T,) . . (5) 


where Q is the heat output of the duct. The heat 
flow per unit area Q/A will be called the transport 
heat flux. It is 


Q ls 1 
Aven: | = Fm= =ceV(T2—T) ea ee 


where m is the hydraulic mean depth of the duct 
calculated on the heated perimeter. Approxi- 
mate limiting values of the transport heat flux 














TABLE II 

te I | | | 

Coolant j Carbon | Hydrogen | Sodium Water 
|. dioxide | | 

Temperature, deg.| 700 | 700 | 700 500 
Speed, feet per| 128 | 630 30 30 

secon: | | 
O/A(T;—T,) ... ... 13-0 | 38-5 $20 | 1840 





(in kilowatts per square foot§ per deg. Fah. rise of 
temperature) are given in Table IV. Gases are 
at 7 atm. and */i» sonic speed at the temperature 
in question. 

The heat output per duct is greatest for the 
central duct and least for the ducts near the 
core periphery. The mean output may be only 
0-7 times that of the centre channel. This means 
that the outer ducts must be throttled if the 
temperature rise is to be the same. Alternatively, 
the enrichment may be varied in the radial 
direction in such a way that the outer channels 
generate almost as much heat as the centre ones. 
The cost of this “‘ flattening ”’ is increased neutron 
leakage. 


DESIGNS FOR PRESSURISED WATER REACTORS 


The simplest conceivable thermal reactor is a 
tank of heavy water with some natural uranium 
rods hanging in it. It is instructive to compare 
this design with that of the fast reactor. 

In discussing the latter a start was made with a 
solid core which was then opened up sufficiently 
to get the coolant through, the aim being to 
have as little coolant in the core as_ possible. 
Let L be the axial length of the fuel rods and A, 
their total cross-sectional area, then the volume 
of fuel in the core is LA,. If (PD), is the mean 
power density in the fuel (watts per cubic centi- 
metre or kilowatts per cubic foot) the power output 
is LAyx (PD), and this must be equal to the rate 
of heat removal, that is, 


LAy . (PD)s= Ae. ceV(Ty—T}) 


where A, is the total area for coolant flow 
through the core, and pV the mass flow per unit 
area. Hence 


coolant volume Ac _ (PD) 


fuel volume Ay ceV(T,—T)/L 


The mean power density in the fuel has an 
upper limit set by difficulties of heat transfer and 
thermal stressing, while the denominator will 
usually be made as large as possible. When the 
coolant is water or sodium A,/Ay, is usually below 
unity. 

In heavy-water reactors, however, the amount 





(7) 





§ Watts per square centimetre x 0-929 = kilowatt per square foot. 
ne a per square foot x 3413=B.Th.U. pér hour per square 
oot. 
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of deuterium oxide (D.O) in the core is settled 
by considerations relating not to heat removal 
but to nuclear physics. It is explained in Appen- 
dix I that in thermal reactors there is a particular 
value for the ratio of moderator to uranium 
atoms in the core which gives greatest economy 
of fissile material. This optimum atomic ratio 
will correspond, at specified D.O density, to a 
particular ratio of moderator to uranium volumes. 
The uranium volume being LA, the moderator 
volume can be written as LA», so that the volume 
ratio is the same as the area ratio A,/Ay. In 
D.O lattices the optimum value for this ratio 
with natural uranium is around 30. It is, there- 
fore, clear that there is much more D.O in the 
core than is needed for cooling. Fairly high 
water speeds in the cooling ducts are essential 
to get good heat transfer and if all the water is 
circulated, the total circulation and pumping 
power becomes excessive. 

The remedy is to divide the total water in the 
reactor core into two parts—cooling water which 
is circulated past the fuel elements at the high 
speed necessary to get good heat transfer, and 
moderator water which circulates very slowly. 
The division can be achieved by using fuel 
element assemblies in which a number of fuel 
elements are supported rigidly within a tube, 
which separates coolant from moderator fluid 
and is, in turn, supported by top and bottom 
tube plates. Possible arrangements for fuel are : 
(a) flat plates, and (6) round rods, Upward 
flow of coolant is the invariable rule, in order 
that coolant flow shall be maintained to some 
extent by natural thermosyphon action. 

This construction permits complete separation 
of the cooling and moderating fluids so that it is 
possible to use some fluid other than D,O as 
coolant, for example, light water (Chalk River 
Pile) or a gas under pressure (Saclay Reactor). 

If a reactor of this general design is to generate 
power its coolant must leave at a temperature of 
at least 500 deg. Fah. (260 deg. Cent.), corres- 
ponding to a water vapour pressure of 681 Ib 
per square inch absolute. There are alternative 
basic designs. 

(1) The moderator can be allowed to get as 
hot as the coolant and the whole core can be 
conitained inside a pressure vessel, the diameter 
of which may have to be around 10ft. Boiling 
of the moderator is undesirable and some 
subcooling will usually be needed. This can be 
achieved by the application of static pressure to 
the system. To get 50 deg. Fah. of subcooling 
on a water system at 500 deg. Fah. the applied 
pressure must be 1045 Ib per square inch absolute. 
A pressure vessel for 1000 Ib per square inch on a 
diameter of, say, 10ft is neither easy nor cheap. 

(2) The control problem arising from loss of 
K as the moderator heats up can be avoided by 
keeping the moderator cool, that is, below 
212 deg. Fah. (100 deg. Cent.). This, however, 
means that every coolant duct must be thermally 
insulated from the moderator. In principle, the 
problem of thermal insulation can be solved by 
lagging or as in the Dewar flask, but the practical 
execution of this idea is difficult. So far, no 
example of this possible alternative design is in 
operation but G.P. 879 outlines the ideas of a 
Norwegian team for a D-,O/natural uranium 
reactor on these lines. 

(3) If each and every coolant tube is made 
strong enough to stand the full pressure necessary 
to prevent boiling, and the top and bottom tube 
plates are turned into pressure headers an 
arrangement is obtained which, with suitable 
lagging, permits the moderator to be cool and 
also requires no pressure vessel. Pressure 
tubes are, however, thick and absorb a lot of 
neutrons, while the design of a header which 
will permit easy loading and unloading of the 
fuel elements is not simple. 

Heavy water is expensive—at least £10 per 
pound—and power plants using it seem to need 
about 2 Ib per kilowatt of electrical output. Con- 
servation of heavy water is, therefore, most 
important, and a completely sealed and leak- 
proof system is essential. Contact with the 
atmosphere is not permissible, first because of 
the problems of D.O evaporation and water 
condensation, and secondly because water in 
contact with the atmosphere contains air in 
solution. A blanket gas such as helium is, 
therefore, usually employed. The possibility of 
losing valuable D.O by flashing, following a 
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pipe burst, must always be a cause of anxiety. 

Light water (H;0) is actually a better slowing 
down medium than D,O, that is fewer collisions 
are needed to thermalise a fast neutron, but it 
has a much higher neutron-capture cross-section. 
For this reason the chain reaction will not 
proceed in a light water system without a little 
enrichment of the uranium. Persson’s (1954)|| 
results for cold water suggest that the optimum 
water/uranium volume ratio is around 1-5, while 
the degree of enrichment needed is 1-04; in 
hot water the necessary enrichment will be 
higher. Because of the low optimum value of 
A,,/Ayz, much more power can be obtained from 
a core and pressure vessel of given diameter if 
H,0O is used. The total end area of the core, 
neglecting cladding, is 


Ay+Act+Am=Aj(1 +Ac¢/Ag+Am/Af) 


If (PD), is the mean power density over the 
whole volume of the core then 


(PD).=—E Pe 


A 
a 
147+ 


With H,0 the ratio A,/A; will be the same as 
with D,O but A,/A; will be 1-5 instead of 30. 
A core of given size will contain more fuel and 
therefore produce more power. The limit on 
the light water design is often set not by the 
core but by the pipework needed to carry the 
large flow out of the pressure vessel. 

Assuming the availability of both D.O and 
separated fissile material the choice between 
D,O/natural uranium and H,O/enriched uranium 
is a matter of economics and assessment of the 
engineering difficulties of alternative designs. 

A possibility of the future, which is often 
suggested, is to use for the moderator not water 
but an organic liquid with a capture cross- 
section almost as low as that of water and much 
lower vapour pressure than that of water ; the 
latter property would eliminate difficulties with 
the pressure vessel. Most organic liquids, how- 
ever, decompose under pile radiation and may 
also involve fire risk ; these difficulties must 
be overcome before this proposal can be followed 


up. 

Difficult problems arise in water reactors 
owing to the decomposition of water by pile 
radiation. The direct effect is the formation of 
H and OH with forward reactions H+ H—>H, 
and OH+OH-H.O, ; possible back reactions 
are H+OH--H.0, H.+OH-H,0+H and 
H.O0,+ H—H-,0+ OH, leading to the reforma- 
tion of water and equilibrium at some fairly 
low concentration of hydrogen and hydrogen 
peroxide. The back reactions may, however, 
be impeded by alternative competing reactions 
with impurities in the water and with the metals 
of the core structure and its container. 

With back reactions entirely suppressed hydro- 
gen is formed at the rate of about 1 molecule per 
100eV of radiation energy absorbed (that is 2-3 
litres of gas at standard temperature and pressure 
per megawatt-second absorbed). Radiation 
energyis about 10 percent of the energy of fission, 
but a lot of this will be absorbed by uranium. 
The fraction of the pile output released in the 
water moderator is probably about 1 per cent 
for H,O reactors and 4 per cent for D.O. A 
special recombination unit has usually to be 
provided to deal with the gas formed. For- 
tunately, this is one problem which becomes 
easier at higher temperatures. 

Since water conditions in reactors are so 
different from those known to give minimum 
corrosion rates in boilers, corrosion problems 
need much thought. The matter is further com- 
plicated by the use of metals other than steel 
within the reactor core. 

The heat flux in water reactors is usually 
pushed fairly high because the nuclear designer 
wants thick fuel elements giving a large fast-fission 
bonus. The limits are the onset of bulk boiling 
and steam blanketing of the fuel elements 
followed by burn out. The margin between these 





i! Persson, R., Nucleonics, Vol. 12, No. 12, page 26, “ Criticality 
of Normal Water, Natural-Uranium Lattices.’’ 
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critical conditions and the normal must be 
enough to accommodate the power Overshoots 
likely to occur. Too great a margin affects Costs 
adversely. 

The first pressurised light-water reactor to 
operate was the power reactor for the United 
States submarine “ Nautilus ” (1954), The first 
land light-water pressurised water 
(P.W.R.), to produce 60MW of electric Power 
is now being built at Shippingport, Pa. A very 
full account of it (sixty-seven pages) is given ip 
G.P. 815 and 601. Projects for P.W.Rs,, based 
on D,O, are outlined in G.P. 879 and in a paper 
by Smith (1955). 


DESIGNS FOR BOILING- WATER REACTORS 


The simplest conception of a boiling-water 
reactor is a core comprising a number of fuel. 
element tubes standing submerged in a closeq 
vessel partly full of water. Heat release in the core 
starts a natural circulation up through the core 
and down through the annular reflector 
Equilibrium will be reached when the water boils 
and the steam leaving the vessel by the cop. 
nection at the top carries away heat at the same 
rate as it is produced in the core. 

The steam, of enthalpy /,, can be supposed to 
be condensed and returned to the bottom of the 
core as feed-water of enthalpy fz. The total 
flow through the core then consists of this feed. 
water plus a much larger flow of circulating 
water which never leaves the vessel. If a weight 
fraction q of the water entering a fuel tube 
turns into steam, and the water enters at the bot- 
tom with density p, and velocity V, then the 
“transport ”’ heat flux at the tube exit is 


Fi=q(h,—h,)pV. 


The specific volume of the mixture at the tube 
exit is gv;+(1—q)v,. where v, and y, are the 
specific volumes of steam and water. The 
fractional volume occupied by steam, neglecting 
bubble slip. is then 


| 
x qvst+(1—@)vu 
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If x=0-5, that is, 50 per cent steam voids at 
exit, then the mixture density at exit is roughly 
half that at entry, which means that the water/ 
uranium ratio at the exit end of the core is 
reduced. This will have three consequences ; 
(1) decreased neutron absorption in the channels, 
(2) an increase in the migration length and neutron 
leakage, and (3) a shift of the operation point (in 
Fig. 9 of Appendix I) to the left and consequent 
reduction of K (unless the reactor is greatly 
over-moderated in the cold condition). On both 
latter counts, therefore, increase of steam voidage 
decreases the reactivity, which leads to a decreased 
rate of heat generation and less steam production. 
It would seem that the first necessary condition 
for stability—namely, that the effect of a cause 
should diminish that cause—exists, but it may 
be guessed that there is a limit to the amount of 
steam voidage which can be tolerated in normal 
operation. Suppose this to be 50 per cent then 
the fractional evaporation will be gso=1/(1+ 
v;/V~) and the corresponding transport heat 
flux is* 


H—-h 
Vet Vip” 


If F{50) is multiplied by the total steaming area 
and by the theoretical efficiency of a Rankine 
cycle on saturated steam at the relevant pressure, 
the maximum amount of power which a core of 
given size can produce with 50 per cent voids at 
exit is obtained. If there is twice as much water 
as uranium area in the core and the flow areas 
in core and annular reflector are equal, then the 
steaming area is 40 per cent of the tank circle. 
Numerical values for an inner velocity of Ift per 
second are given in Table III. F 

If the steaming rate varies over the core owing 
to greater heat release at the centre, an appro- 
priate multiplier must be used. 

The equivalent temperature rise AT is that 
given by equating gso.(hi—/n)eV to cpVAT. It 
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is the subcooling of the total flow inlet which 
yould allow all the heat to be removed without 
ration, that is, the temperature rise of the 
equivalent water-cooled -non-boiling reactor with 
game flow. The very moderate values ob- 

‘ned for AT indicate that evaporative cooling 
with a limit of 50 per cent on steam voids is not 


TasLe Il1.—Characteristics for an Inlet Velocity of 
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a revolutionary advance on normal convection. 
An upper limit to steam content is set by worsen- 
ing of the neutron economy and by approach 
to steam blanketing conditions. 

The two major problems of boiling-reactor 
design are (1) to get a large steam output without 
a large steam content in the core to drop the 
moderator density, and (2) to achieve stable 
operation at large steam outputs. 

The line towards a solution of the first problem 
is to take the steam from a smaller fraction of 
the core volume at a higher speed. If the fuel 
tubes in which steam is generated are separated 
from each other by water spaces in which steam 
does not form, this end will be achieved. With 
light water this approach is limited by the low 
ratio of water/uranium volume required but in 
the case of heavy water it is feasible. Additional 
output can be obtained by flashing the circula- 
tion water down to a lower pressure and feeding 
the steam so obtained to an intermediate stage 
of the turbine. 

As regards stability it seems probable that the 
steam voidage will fluctuate in time owing (a) 
to bunching of steam bubbles and (4) to hunting 
between parallel channels. When the associated 
fluctuation of reactivity approaches the delayed 
neutron fraction (0-755 per cent), the reactor 
power fluctuations are likely to become large. 

Sudden blowdown of pressure may also lead 
to violent surging ; the flash steam will reduce 
reactivity and power but, after it has cleared, 
the reactor will be left full of cooled water, and 
reactivity will again increase. 

Any sudden imposed increase of reactivity will 
be at once offset by a large increase in steam 
generation and a negative reactivity step due 
to increased steam voidage. Steam formation 
in a water reactor thus gives a considerable 
degree of inherent safety against power over- 
shoots. 

Almost all the available information on boiling- 
water reactors is due to work done by the staff 
of the Argonne National Laboratory. 


DESIGNS FOR GRAPHITE-MODERATED REACTORS 


The construction of simple air-cooled graphite 
reactors has been described by Hinton (1954). 
The cooling-air flows through the holes in the 
graphite which contain the uranium slugs. If 
such a reactor were required to generate power 
the air would have to be raised to a fairly high 
temperature and would begin to oxidise the 
graphite. In a graphite-moderated reactor, 
intended to work at a high temperature, either 
the coolant must be compatible with graphite 
at the working temperature, or the graphite 
must be protected from contact with it, either 
by piping it through the core in metal tubes or 
by canning the graphite blocks. Such cans or 
tubes absorb too many neutrons for the latter 
solution to be acceptable with natural uranium 
fuel (K=1-07). The alternative designs are : 

(1) Non-compatible coolant, tubes through 
every core channel, and enrichment of the fuel to 
compensate for the resulting neutron absorption. 
A header at each end of the core with provision 
for the loading and unloading of uranium slugs 
to each channel all inside the radiation shield. 


A design of this kind, to produce 800MW of 


heat and 223MW of electric power, with water at a 
pressure of 1860 lb per square inch absolute and 
temperature of 585 deg, Fah. as the coolant, was 
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described at Geneva. The Russian experimental 
power reactor described at Geneva is also in this 
category, but, owing to the use of thimble tube 
design, inlet and outlet headers are at the same 
end of the core. 

(2) Non-compatible coolant, no coolant 
tubes, but every block of graphite contained 


within a hermetically sealed zirconium pro- . 


tective can. Enrichment of the fuel to com- 
pensate for the large amount of canning metal 
within the core. The whole core contained 
within a pressure vessel through which the 
coolant circulates and through which the 
uranium must be loaded and unloaded. 

A reactor of this general design, using sodium 
as the coolant, is now being constructed in the 
United States of America, It is known as the 
Sodium Reactor Experiment (S.R.E.) and was 
described at Geneva. A more ambitious design 
on the same lines, to produce 75MW of electric 
power, was discussed at Geneva. 

The attractions of the sodium/graphite reactor 
are (a) that sodium and uranium are compatible, 
which greatly simplifies fuel element design, 
(b) that the high temperatures necessary for high 
thermodynamic efficiency are obtained without 
high pressures, and (c) that since sodium is an 
excellent coolant large heat outputs can be 
achieved. Adverse points are that it is difficult 
to achieve a high conversion factor, that a fair 
degree of enrichment is required, and that a very 
large total area of thin zirconium sheet must 
remain forever impermeable if the graphite is not 
to give trouble. Finally the intense induced 
radioactivity of the sodium is an awkward 
factor. 

(3) Coolant compatible with graphite, there- 
fore graphite canning or cooling tubes through 
the core unnecessary. 

Water and sodium are not compatible with 
graphite, and this design can be used only with a 
fairly inert cooling gas that is compatible with 
graphite. Since gases are poor coolants because 
of their low volumetric heat, the tendency will be 
to raise the gas pressure as high as difficulties 
with the pressure vessel will permit. Gas 
temperature is limited by can compatibility and 
creep, and also by effects on the pressure vessel. 
Reactors of this type have been chosen for the 
first stage of the British nuclear power pro- 
gramme and have been described. 


REMARKS ON SOLID FUEL ELEMENTS 


The typical solid fuel element consists of a 
cylindrical rod or flat strip of uranium metal 
sheathed in aluminium, stainless steel or 
zirconium. 

Since the centre is hotter than the surface, the 
core will be in compression while the surface 
layers are in tension. Stresses can be calculated 
and nothing much should happen if they do not 
cause yielding. Since the sheath has a different 
expansion coefficient and is also cooler than the 
fuel, some differential expansion must be 
reckoned with. If the sheath expands less than 
the fuel, plastic flow will occur. If the sheath 
expands more than the fuel the bond may get 
slack, causing hot spots, also axial ratcheting 
between sheath and slug may be predicted— 
sheathing is absolutely essential for preventing 
chemical actions between fuel and coolant, but 
it does introduce very awkward problems into 
fuel element design. 

Effects rather more difficult to foresee arise 
from the peculiar properties of uranium. This 
metal has three allotropic forms «665 deg. 
<8—+770 deg.—y. Alpha uranium crystals are 
anisotropic, with expansion coefficients of 28, 22 
and —1-4x 10-* per deg. Cent. in the three axes. 
The micro-stresses set up when polycrystalline 
bars are heated are relieved by grain boundary 
flow, while the stresses set up on cooling are 
relieved by slip of the crystals favourably 
oriented to the stress. In consequence, repeated 
thermal cycling of uranium can produce deforma- 
tions and also cause wrinkling of machined 
surfaces. Even more serious damage can be 
done by thermal cycling through the «/8 change 
point, which is associated with a discontinuous 
expansion of 0-3 per cent linear. 

Similar growth effects are also produced by 
the action of neutron flux. It has been suggested 
that this happens because the compressive stress 
formed round fission sites causes local plastic 
yield by twinning. Be this as it may, experiment 
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shows that the fission of only 0-1 per cent of the 
atoms in a uranium single crystal may cause up 
to 40 per cent growth. Besides growth without 
volume changes, irradiation can also produce 
swelling with change of density. It is believed 
that this is due to the pressure of the volatile 
fission products, especially the inert gases, 
— small holes from micro-cracks in the 
metal. 

Finally, irradiation causes uranium to become 
brittle and therefore less able to withstand 
thermal stresses. This effect is only partially 
removed by annealing. The severe radiation 
damage which occurs in uranium has led to 
studies of various uranium alloys (Ur-Al, 
Ur-Be, Ur-Zr), it being recognised that the 
crystal structure of many such alloys would be 
less sensitive to radiation damage. Some of 
these alloys are attractive, but all suffer from the 
disadvantages of greater wasteful neutron 
absorption and complication of the chemical 
processing for extraction of plutonium and 
fission products because of the admixture of 
additional elements, 

Given only natural uranium, reactors only of 
the Calder Hall type or heavy water reactors can 
be built. All other types need some enrichment, 
which may be provided as U235 from a diffusion 
plant, Pu239 from a uranium converter or U233 
from a thorium converter. A diffusion plant is 
costly to build and absorbs a large amount of 
electrical energy ; plutonium, on the contrary, 
appears as a by-product from the operation of 
natural uranium power reactors, and is therefore 
the obvious fissile material to use for the enrich- 
ment of more advanced types of reactor. How- 
ever, since plutonium has no less than five 
allotropic forms, namely, «—>119 deg.<8—218 
deg.<-y—>310 deg.<8-—>450 deg.<—r—472 deg. 
<<->640 deg. and melts at only 640 deg., fuel 
elements containing plutonium may also have 
their troubles. 

Plutonium is alpha active and highly toxic 
(maximum permissible concentration in inhaled 
air 2x10-* curies per cubic metre) and, in 
practice, will also be gamma active owing to 
traces of unseparated fission products. The 
manufacture of plutonium fuel elements will 
therefore present workshop problems of con- 
siderable magnitude, which must raise costs. 
If thorium is employed as the associated fertile 
material it should be possible to move over 
a to the more attractive U233-thorium 
cycle. 

The difficulties of solid fuel elements appear to 
be inherent and are a strong incentive to the 
invention of reactors using fissile materials in 
fluidised forms. The principal reactor types of 
this kind which have emerged are :— 

(a) The aqueous homogeneous reactor, in 
which a core of uranyl sulphate/heavy water 
solution is enclosed by a blanket of thoria/heavy 
water slurry. Heat removal is by circulation 
through an external heat exchanger. Difficulties 
are severe and centre around problems of circuit 
corrosion, radiation damage to the “ neutron 
window ” separating core and blanket, and high 
levels of circuit activity due to the circulating 
fission products which makes maintenance 
almost impossible. 

(6) The liquid metal fuel reactor in which a 
solution of uranium in bismuth is pumped 
through a graphite moderator core and external 
heat exchanger. Difficulties arise owing to mass 
transfer and compatibility of circuit materials and 
polonium activity. 

Since these reactors have not yet been developed 
to the workable stage they are not discussed in the 
present paper. 

It should be clear that stability of fuel elements 
is probably the most important and most 
difficult matter in the whole field of reactor 
development. The economics and reliability of 
nuclear power must depend very largely on the 
ability of fuel elements to stand up to conditions 
inside the reactor for as long as it is advantageous, 
from the nuclear standpoint, to leave them there. 





PUBLICATIONS OF THE BUILDING RESEARCH STATION. 
—The Building Research Station of the D.S.I.R. 
has published a booklet, with the above title, listing 
all the Station’s publications as available in October, 
1955. Papers published in the technical press are 
not included, but all other publications are listed. 











332 


Underground Gasification Trials in 
Great Britain* 


No. I 


A report has been published by the Ministry of 
Fuel and Power dealig with the trials in under- 
ground gasification carried out in this country 
between 1949 and 1955. This process, as is now 
generally known, involves the passing of air 
through a burning coal seam to produce a hot 
combustible gas which is brought to the surface 
for use. The report first deals generally with 
the background of underground gasification and 
gives some notes on work carried out in other 
countries. This article contains an abridgement 
of the main part of the report.dealing with trials 
carried out at Newman Spinney, Barlborough, 
near Chesterfield, and near Bayton in Worcester- 
shire, after preliminary work had been carried 
out by the Fuel Research Station on large blocks 
of coal in the laboratory. These proved to be of 
limited value as the scale was too small and con- 
ditions were too remote from those obtaining 
in an underground coal seam under overburden 
pressure. Trials overseas had tended to go 
to the other extreme of speculating on a technique 
which might work and preparing something 
approaching a full scale system for trial. The 
British trials were an attempt to compromise 
between these extremes and aimed to conduct 
each successive test on the minimum practicable 
scale (within the range of about 1-15 tons of coal 
gasified daily) to gain the required information 
for the next step in developing a sound technique. 


Tue first effort in the field at Newman Spinney 
was directed towards the production Of usable 
gas from the Fox Earth Seam by whatever 
means would most quickly yield this result. A 
channel in the coal was essential as a means for 
passing the air through. Several 4in diameter 
boreholes near to the horizontal were therefore 
drilled down the line of dip from the coal face 
which had been left exposed by opencast opera- 
tions. It was found that the borehole fairly 
soon bent downwards and passed out of the coal. 
On the seventh attempt a borehole was drilled 
from the face which was directed slightly up- 
wards and above the coal and which, as it 
turned downwards, intersected the coal roof at 
about 240ft from the face and then remained 
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face and resulted in an extensive and perhaps 
uncontrollable fire (this precaution proved to be 


unnecessary). 

In this first trial a 50ft long borehole gasified 
some 100 tons of coal to produce an average 
calorific value of about 85 B.Th.U. per cubic foot 
and nearly 200 tons to an average calorific value 
of about 55 B.Th.U. per cubic foot, plus a sub- 
stantial proportion of sensible heat. On the basis 
of only 150 tons of coal gasified usefully in a 
50ft span on a 60 per cent yield, the total value 
of the gas at 3d per therm was about £300. The 
drilling, casing, &c. of a 6in diameter borehole 
to a commercial depth of say 300ft would not 
exceed £400, so, to cover the cost of the pre- 
paratory work would require that each borehole 
should gasify some 200 tons of coal. Other costs 
(e.g. wages, surface equipment, pumping) might 
double | this. therefore, the performance 
obtained in this trial could be repeated over a 
distance of say 150ft with pro rata increase in 
the tonnage of coal usefully gasified, the process 
showed promise of being economic on the basis 
of a number of such spans operating simul- 
taneously. A prime objective from that point 
onwards was to develop a technique whereby 
channels for gasification could be made through 
the coal in the seam underground for distances 
of 50 to 100 yards at not excessive cost, or 
alternatively to gasify shorter spans to a greater 
width to provide the same total gas revenue per 
borehole. 


THE PERCOLATION PROCESS 


No technique was known at that time for 
keeping the drill bit in the coal seam for long 
distances at reasonable cost. Further, even 
had it been available, the object of the trials had 
been defined as the development of a process in 
which all operations were conducted from the 
surface. Drilling from underground galleries 
in the coal seam was, therefore, outside the terms 
of reference. Some other method was necessary 
and “* percolation ” appeared to offer an alterna- 
tive. The term “ percolation process ” requires 
some explanation. The Russians in 1939 
showed interest in a British patent of 1909 in 
which it was proposed that a fire be started at 
the base of a borehole in the coal, the heat from 
the reaction causing cracks and fissures in the 
coal to the extent of providing a passage for gas 








Barrier Hole 
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Fig. 1—Section of No. 1 trial 


in the seam for about S5O0ft before it passed out 
through the floor. This provided a borehole 
50ft of its length being in the coal itself (see 
Fig. 1) and this was developed into Trial No. 1. 

The next problem was to drill two vertical 
holes to intersect this borehole in the coal where 
it entered and where it left the coal seam, so as 
to pass air down one vertical borehole into the 
seam and up through the other vertical hole to 
bring the gas to the surface. By the use of two 
techniques a number of successful intersections 
were made in preparation for this first trial and 
for Trial No. 3. 

In addition to the two operational vertical 
holes, other boreholes were drilled to enable 
the horizontal borehole to be pumped dry of 
water. In addition a line of vertical barrier 
holes was drilled across between the 50ft opera- 
tional section of the borehole and the exposed 
coal face in case the reaction moved towards the 





* “ British Trials on Underground Gasification 1949-1955.” 
H.M. Stationery Office. Price 8s. 


to another borehole some distance away. This 
came to be called the “ percolation process.” 
Whether they tried it and with what success is 
obscure. The fact remains that the heat of the 
reaction in Trial No. 1 at Newman Spinney and 
in subsequent trials did not make such connection 
through the coal even to boreholes only a foot 
or so away. Some other process had to be in- 
vented and inquiry was made into the use of 
modern explosives. These seemed unlikely to 
do better than a few feet whereas a minimum of 
50 yards was required. In principle, an explosion 
is only the momentary application of high pres- 
sure. This consideration gave rise to the idea 
that a lesser pressure applied over a longer period 
might result in the opening up of fissures in the 
coal or a bodily lifting of the overburden from 
the coal. Success clearly depended upon the 
high pressure air not finding its way directly to 
the surface, but passing through the coal to a 
borehole some distance away and only by this 
route passing to the surface. This came to be 
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called “ high-pressure linkage” in contrast to 
“ percolation ” which attempted to rely on ther. 
mal fissuring alone. 


HIGH-PRESSURE LINKAGE 


Trial No. 2 was planned to try out this idea of 
linkage underground using high-pressure air 
A “ master hole” was drilled 90ft down to the 
coal seam and cased to 8in diameter, the length 
actually in the coal being uncased and reamereq 
out to 18in diameter. Three more holes caseq 
above the coal to 4in diameter were drilled into 
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Fig. 2—Trial No. 2, high-pressure linkage 


the coal at 8ft, 18ft and 33ft distance from this 
“‘master hole” along the direction of the 
** cleats,” and three more at similar distances 
at right angles (across the cleats) (see Fig. 2). 

The high-pressure air was initially applied at 
the “‘ master hole.” Very little air passed down 
into the seam until the pressure exceeded the 
overburden pressure (about 1201b per square 
inch) when 4500 cubic feet per hour passed 
downwards and about 1200 cubic feet per hour 
reappeared up the end borehole 33ft away along 
the cleats when the other boreholes were shut. 
When the pressure was increased by releasing 
high-pressure air from a large storage cylinder 
the air rate passing into the seam increased to a 
much higher rate (e.g., calculated to be about 
100,000 cubic feet per hour at 200 Ib per square 
inch) than could be accounted for as the result 
of pressure forcing the air through existing 
fissures, and the effect seemed due rather to a 
slight lift of the overburden (other evidence 
later appeared to confirm this). The technique 
failed, however, to establish a permanent channel 
through the coal, since, when the pressure was 
reduced to below the “ critical pressure,”’ the air 
flow almost ceased. In order to create a per- 
manent channel able to operate at low pressure 
an attempt was made to burn through under 
pressure by igniting the coal (using high-pressure 
hydrogen). This burning through was success- 
fully achieved in about three weeks, during which 
an air rate of 4500 cubic feet per hour was main- 
tained. The pressure during the first few days 
rose to over 160 lb per square inch and for most 
of the period was above 100 lb per square inch. 
The progress of the linkage could be followed by 
observations on the intermediate holes and on 
the holes on the line across the cleats. Some gas 
came up through boreholes over 100 yards away. 
While linkage was in progress the calorific value 
of the gas varied over the range 80-150 B.Th.U. 
per cubic foot. The channel so established for 
the 33ft span was used for low-pressure gasifica- 
tion successfully for some weeks, during which 
an attempt was made to link up with another 
borehole 50ft away, but this was only partially 
successful. On a calculated basis the cost of the 
linkage (i.e., cost of high-pressure air pumping) 
at this shallow depth was less than 30s. per foot 
of distance, which for a first attempt with a novel 
technique was encouraging. 

The preliminary work in 1950 indicated that 
in a nearly flat seam, containing the equivalent 
of 3ft coal, a 50ft borehole in the coal enabled 
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over 150 tons of coal to be usefully gasified, and 
that by the use of high-pressure air applied from 
the surface boreholes 33ft apart could be linked 
at low cost through the coal. These results 
red to justify the expectation that with 
more knowledge and further refinements bore- 
holes 50 yards to 100 yards apart could be 
linked and would enable some 500 to 1000 tons 
of coal to be gasified in each such span as an 
economic process. In a commercial system it 
was assumed that many spans would operate 
simultaneously and that as each became ex- 
hausted a new linkage would be made. b 
By early 1954 many variants had been tried, 
separately and in combination, and each in 
theory appeared likely to result in improvement. 
No consistently successful procedure for linkage 
emerged. The fact was that after 24 years’ 
work the precise mechanism underground, which 
could never be examined in any direct sense, was 
still not fully understood. For commercial 
ses a process must be sufficiently capable 
of control as not only to work virtually every 
time, but to work to an economic time table 
over sufficient distance. Meanwhile trials were 
started in 1953 with two other techniques, 
“electro linkage” and “directed drilling,” 
which were not available in 1950. As these both 
showed promise of earlier success than by then 
seemed probable with high pressure, and as time 
became of paramount importance, the work on 
the latter was discontinued. There may, how- 
ever, be other variants in the high pressure pro- 
cedure which would lead to success and the 
technique might work well in other kinds of 
seam (e.g. absence of water or steeply dipping). 
A form of high-pressure linkage is now being 
tried out in U.S.A. 


ELECTROLINKAGE AND GASIFICATION (1953-1955). 


In principle “‘ electrolinking ” consists of two 
stages. Electrodes are inserted down boreholes 
to make contact with the coal, and electric power 
is passed between them. The first effect is a 
release of heat sufficient to dry out the water 
near the electrodes. This gives rise to a sub- 
stantial increase in electrical resistance. By 
adjusting the voltage to maintain the power 
input a large heat release near the electrodes 
begins to carbonise the coal and the resistance 
falls, since coke is of low electrical resistance in 
contrast to the coal which is of high resistance.: 
Thereafter the carbonisation process is pro- 
gressive and extends outwards from each elec- 
trode with a growing bias towards the opposite 
electrode. It is this directional bias which 
renders the process attractive as compared with 
the high-pressure linkage, where no such bias 
was found. In due course the coking pr 
to the point when the two coke boundaries meet, 
at which stage the electrical resistance falls 
suddenly to a low value and there is a concen- 
tration of power release in the coke path. This 
completes the ‘ electrolinking’’ phase proper. 
Thereafter a heavy current can be caused to flow 
between the electrodes to form more coke, this 
coke developing the usual fissures. Throughout 
both phases good quality distillation gas is 
evolved. If at the appropriate stage air at high 
pressure is passed down one of the boreholes, it 
soon establishes a low-pressure path through the 
coke joining the boreholes, and the electrodes, 
&c., can then be withdrawn. It has been claimed 
in U.S.A. that this fissured fuel bed behaves 
quite differently from an open hole or other main 
passage through the coal and is more nearly 
similar to a fragmented producer gas fuel bed 
in the sense that the reaction moves only slowly 
and on a wide front from the one borehole to 
the other, meanwhile gasifying a substantial 
amount of the coke resulting from the electro- 
carbonising. This might have advantages in 
terms of higher gas quality and the absence of 
the need for reversals, but, on the other hand, 
there is probably a higher pressure loss. The 
formation of this fuel bed has not yet been con- 
firmed in this country. 

Trials based on electrolinkage were started 
first at Bayton as only on that site was mains 
electricity then available. Arrangements were 


made with the Midlands Electricity Board for 
the provision of a special 1500kVA single-phase 
supply to the site. The incoming supply was fed 
through a bank of nine transformers, so arranged 
as to allow a variety of inter-connections by which 
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the voltage could be dropped in stages to match 
the fall in resistance between the electrodes as 
the linkage proceeded. After carrying out a 
number of trials on the non-coking coal at Bayton 
the equipment was transferred to Newman 
Spinney to carry out trials in a coking coal. 

The most successful electrolinkage trial carried 
out in this series at Newman Spinney used the 
design of conductor and electrode shown in 
Fig. 3. The copper conductor passes through a 
gland to allow for thermal expansion, part of 
the weight of this assembly being taken on a 
counterbalance support. The conductor was 
insulated at intervals with ceramic bobbins and 
at the bottom was connected to the graphite 
electrode, the exposed length of copper being 
protected against corrosion by a stainless steel 
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Fig. 3—Electrode and borehole design 


or glass sleeve. Although in this case an alu- 
minium tube was used outside the conductor to 
facilitate nitrogen purge this could in future 
application be discarded and} a smaller and 
cheaper borehole and casing could be used. The 
boreholes were blown dry immediately before 
the trial. During the electrolinkage process gas 
was not allowed to escape from the borehole 
and instead nitrogen was passed downwards at 
about 1000 cubic feet per hour to prevent dirt 
rising to deposit on the insulators. The nitrogen 
for purging was later passed through a ceramic 
filter to remove dust which on an earlier occasion 
deposited on the insulators and led to electrical 
failure and arcing. On conclusion of the electro- 
linkage both electrodes were raised clear of the 
seam, each borehole was vented to release 
pressure and a complete electrode assembly was 
recovered as good as new. 

The trial involved the use of four boreholes in 
line, drilled to 124in diameter and cased with 
8in diameter steel except for the bottom 26ft 
which was cased with asbestos cement. The 
successive pairs of boreholes were 100ft, 100ft, 
and 150ft apart. In stage 1 the end 100ft span 
was linked and in stage 2 an attempt was made 
to link the 150ft span at the other end. 

(a) Stage 1.—The electrolinking phase (after 
a false start during which 13,000kVAh were 
used) was characteristic except so far as water 
was pumped out from the borehole and the 
electrical drying out phase was therefore absent. 
About 30,000kVAh were used. The subsequent 
gasification process lasted seven weeks and after 
the first two weeks was conducted at low pressure. 
One hundred and forty tons of coal were gasified 
producing gas of an average calorific value of 
about 70 B.Th.U. per cubic foot at an average 
rate sufficient to generate 100kW. By the end of 
this period the oxygen in the exit gases had 
risen to about 7 per cent and the calorific 
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value had fallen to 35 B.Th.U. per cubic foot 
on an air-free basis. 

(6) Stage 2.—It was hoped that while the 150ft 
span was being linked there might be sufficient 
spread of coking back to the first span to provide 
a double linkage and so a continuous fissured 
coke path over a 350ft length. In the event this 
second stage linking was a failure and electrical 
resistance over the 150ft span did not fall below 
5 ohms although 150,000kVAh was used before 
the power was cut off. The failure to link 
despite the high energy input may have been due 
to the fact that the electricity supply authority 
had found it necessary to impose a 1500kVA 
limit to protect their own distribution system. 
That level may have been sufficient to link 100ft 
but just insufficient to link 150ft allowing for 
the power loss during the later stages due to 
steel casing. A subsequent attempt to link 
using high-pressure air without application of 
power was only partially successful. Meanwhile 
the original 100ft span was producing gas of 
diminishing quality. The free-air in the upcast 
suggested that channels through non-combustible 
material (ash or overburden) had developed. To 
try and block these a mass of feathers was blown 
down with the air, but without beneficial effect 
on gas quality. Pre-heating of the air was also 
tried with the same negative result. 

Early in 1954 it was decided to discontinue 
work on the high-pressure linkage technique as 
requiring excessive time and effort for full 
development. A similar decision was taken in 
regard to electrolinkage. While it was felt that 
the electrical difficulties in regard to design of 
conductor and electrode had been overcome 
the application of high voltage and high amperage 
alternating current through boreholes to a coal 
seam at greater depth could never be a simple 
technique. Consistent results were not obtained 
and the tonnage of coal gasified per unit of length 
was less than had been obtained by other methods. 
Finally, the uncertainties in exploiting an area 
of coal seam by multiple spans would require 
a series of large scale trials for their resolution 
and at best the solution might be far from satis- 
factory. 

j (To be continued) 





Cambridge University Engineers’ 
Association 

IN 1928 a small group of ex-Cambridge 
engineers met in London and founded the 
Cambridge University Engineers’ Association. 
The objects of that Association are similar to 
those of associations of students of other 
universities and colleges. They are to main- 
tain contact between the university and its 
engineering graduates and between the graduates 
themselves. For a life membership subscription 
of two guineas a member receives a register 
indicating the whereabouts of present members, 
an annual bulletin containing news of the Asso- 
ciation and of the engineering department, and 
a copy of the annual report of the Professor of 
Engineering, including a schedule of research 
and research publications. Every year an annual 
reunion is held in Cambridge, which includes an 
“At Home” in the: laboratories and other 
functions. Life membership of the Association 
is now- approaching 2000, but though contact 
has been maintained with a high proportion of 
post-war graduates, contact with a large number 
of men who graduated before the war has been 
lost.. The Association is now making a deter- 
mined effort to bring those men into the fold. 
Anyone interested should write to the Hon. 
Secretary, Cambridge University Engineers’ 
Association, Engineering Laboratory, Trumping- 
ton Street, Cambridge. The next Summer 
Reunion will be held on Saturday, July 14th, the 
annual general meeting taking place at 5 p.m. 
and the Association’s Dinner, in the Hall of St. 
John’s College, at 8.15 p.m. 





IMPROVEMENT SCHEME AT UNION Dock, HARTLE- 
POOLS.—British Transport Docks announces a scheme 
to modernise the South side of the 520ft long “ B” 
Jetty, Union Dock, Hartlepools, at an estimated cost 
of £52,000. The work provides for a concrete surface 
on the water side of the quay, six railway lines, 
within plumb of cranes—the berth is to be equipped 
with four 74-ton cranes—three further lines at the 
north of the quay, a sub-station and anciliary works. 
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LETTERS AND LITERATURE 


Letter to the Editor 


(We do not hold ourselves responsible for the opinions of our 
correspondents) 


“SANDWICH SYSTEM” IN 
ENGINEERING TRAINING 


Sir,—In the Government White Paper on 
Technical Education there appears a state- 
ment about the introduction of the “* sand- 
wich system ” in engineering education which 
in the interests of historical accuracy calls 
for correction. The allusion to the 1880s 
is misleading. The sandwich system, whatever 
its merits, started long before that, and it 
did so in the University of Glasgow. Since 
the establishment of the University’s school 
of engineering in 1840 the teaching session 
has been of two terms, leaving half the year 
free to the student for his professional prac- 
tice. No other school fully adopted the 
six-months’ session until comparatively 
recent years. 


THE 


W. LaAwrigE- TAYLOR 
Lecturer in Mechanical Engineering 
Glasgow University, 
March 5th. 





Literature 


How Foremen Can Control Costs. By PHIL 
CARROLL. McGraw-Hill Publishing Com- 
pany, Ltd., McGraw-Hill House, 95, 
Farringdon Street, London, E.C.4. Price 
30s. 

THE average foreman takes little or no 
interest in the question of costs, and the 
object of this book is to show how vitally 
concerned he really is. We should prefer the 
title to have been ““ How Foremen Can Help 
to Control Costs,” for actually the control 
of a company is a very wide matter, going 
far beyond the realm of a shop foreman. 
Whether he realises it or not in supervising 
the work of others the foreman must greatly 
influence costs, and the author clearly sets 
out in the twenty-four chapters the various 
activities of the workshop and the manner 
in which costs are affected. He begins by 
raising the important question as to whether 
the foreman should worry about costs if he 
knows the firm is being successful in making 
money, and that there is a cost accountant 
to look after the financial side of his shop, 
and a time study man to lay down his pro- 
cesses. But it is shown beyond doubt that the 
only way to success is to keep closely in 
touch with the various functional branches 
which can help, and are never intended to 
hinder, him. He should ever be on the alert 
to see how methods can be improved, and 
he should realise that it is often the little 
changes which mount up to have a pro- 
nounced effect on the final cost. Naturally, 
one does not like changes, feeling that they tend 
to cause trouble, but success will go to the 
foreman who is ever on the look-out for 
improvements however trivial. 

Mr. Carroll is perhaps rather hard on the 
engineering department in that he seems to 
suggest that though responsible for the 
design, no further interest is shown in the 
product. We would suggest the advisability 
of the design being passed to the shop super- 


intendent for his approval that it is suitable 
for manufacture, before the blue print stage 
is reached. 

If the foreman is to be really interested 
in shop costs the cost accountant should pro- 
duce for him a weekly statement as to what 
is going on in his shop, and how the various 
expenses are spread. Without this he will 
be prone to take the line of wishing to be 
left alone, saying that things were always 
done in a certain way, in which case it is 
known they will come out all right. This 
is the road to stagnation. Too often foremen 
take the line that overhead is a mystery, 
and quite beyond their comprehension, 
whereas the author clearly shows what is 
involved, and how the foreman can con- 
tribute largely to the reduction of overhead 
costs. When all seems to be going well 
there is often a tendency to ignore competi- 
tion, because the company is successfully 
selling its products, but the attitude of 
laissez-faire is most dangerous, and when 
work is lost to a competitor, it is not easy 
to regain it. The question is ventilated as to 
the necessity for so many reports, seeing 
that foremen and managers alike detest 
paper work. This certainly is a matter that 
always calls for attention, and the foreman 
should ever be ready to point out any forms 
that appear to be redundant or unessential. 

The author’s conclusion is that “‘ nowadays 
you can’t get very far in business without 
knowing a lot about costs,” and he goes on 
to say that he believes that “‘ a manager needs 
to know more about costs than the cost man 
if he is to succeed.” He certainly must know 
how to use the “cost man” without ever 
getting into the position of being dictated 
to by him. For real success the cost 
accountant must always be the handmaid 
of the producer. The author claims that 
“exact training is the best way to avoid 
trouble.” We agree and would go further 
by suggesting that the foreman might be 
afforded the opportunity of initiation into 
the mysteries of cost accounting. 

The reader will not go very far before 
appreciating that this book is written with 
an American background, and some of its 
phrases may appear to him to need a degree 
of elucidation. Perhaps we might cite a 
few: “‘griping is very expensive,” ‘“‘ 50 
dollars could be peanuts if the boss’s problem 
entails 5000 dollars,” ‘‘ all the men here are 
Punks,” “‘a helluva lot of trouble,” while 
we are told that “if your costs go up more 
than your purchasing agent saved in price 
you should holler.” 


Undoubtedly this book is very suggestive 
of ideas that will help the British engineering 
foreman to take a more intelligent interest 
in all the costs that affect his work, and also 
enable him to help to reduce costs, and 
eliminate waste in labour, material and over- 
heads. It may also be recommended to the 
engineering apprentice who aspires to 
graduate through foremanship to manage- 
ment. Mr. Carroll has covered his subject 
very comprehensively, and the numerous 
sketches, some distinctly humorous, tend 
to drive home and impress the points they 
are intended to illustrate. The foreman who 
closely peruses this work and the suggestions 
made by Mr. Carroll will certainly acquire a 
broadened outlook generally. 


Automatic Feedback Control System Syn. 
thesis. By J. G. TRUXAL. McGraw-Hi] 
Publishing Company, Ltd., McGraw-Hil] 
House, 95, Farringdon Street, London 
E.C.4. Price 89s. 6d. ; 

THIS is an outstanding book, presenting the 
best in the network approach to contro} 
system analysis. It is a book intended for 
experts, who, even if they do not entirely 
endorse the highly analytical treatment of a 
practical subject, will be stimulated by the 
originality of this treatment. Much of this 
derives from the author’s period at the 
Massachusetts Institute of Technology, when 
these ideas were germinating. One admires 
the way in which they have thrived since that 
day. Although it starts where many earlier 
books on this subject have left off, the present 
volume is still a bulky one. The author 
clearly saw the need for a more up-to-date 
publication on control system design. The 
material has been gathered widely, but dis- 
creetly, and it is well organised into a con- 
sistent whole. For those who find it difficult 
to keep in touch with the rapid pace of 
advance in control system design this work 
will be a particular pleasure, for it summarises 
much recent work. 

Professor Truxal is at his best in his central 
three chapters. The message he conveys 
here amounts to a new philosophy of design. 
It is a persuasive message and it will not be 
surprising to find his approach superseding 
earlier ones. In essence the author suggests 
a general synthesis procedure for control 
systems following along the lines of the 
already established linear network synthesis 
procedures. These have for a long time been 
regarded as a pleasant abstract study for 
mathematicians. An initial difficulty in their 
use is the need to express a system specifica- 
tion in terms of a desired overall transfer 
function. For control systems this is auto- 
matically provided as the outcome of the 
highly refined statistical methods of design. 
The author, however, is able to make a con- 
vincing case for his procedure without 
invoking this extra support. He is scrupulous 
in his acknowledgments to the point of 
attributing to others much that is his own 
variation on their original idea. The work is 
well illustrated with clear diagrams, which 
are a particularly important part of the book, 
since the author’s methods are largely based 
on graphical procedures. 

Following the example of another famous 
text, Professor Truxal begins with a 
chapter of advanced mathematics, arranged 
so that the necessary groundwork for later 
chapters is well laid. While an excellent 
arrangement for the able, this may lead to 
despondency in the novice which there is no 
need for him to suffer, since a well-arranged 
system of cross-references will lead him back 
to the mathematical summary when the need 
arises. The second chapter on signal flow 
diagrams will please engineers ; it succeeds, 
to an extent which is surprising, in replacing 
the treacherous nature of the determinants in 
circuit analysis by a system of graphical 
representation, the signal flow diagram, in 
which the progress of the analysis is repre- 
sented by successive simplification of the 
graph. The third chapter gives an intro- 
duction to the classical passive network 
synthesis. The treatment is restricted to 
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RC. networks, which are the ones of major 

interest to control engineers, and this con- 
siderably simplifies matters. The intro- 
ductory part of the book is then complete 
and the author comes in the next three 
chapters to the kernel of his argument. 

This consists, as has already been indi- 
cated, in the extension of the classical 
synthesis process to the design of control 
systems, and the chief difficulty in doing this 
ig in suitably accommodating the specification 
requirements On the system. Although the 
author acquits himself well, it is at this point 
that his argument is open to criticism by 
practical engineers. These three chapters 
are entitled “* The Root Locus Methods,” 
“Synthesis Through Pole-Zero Configura- 
tion,” and “‘ Design in the S-Plane,” from 
which it will be seen that complex variable 
considerations are Professor Truxal’s pre- 
scription for success. While it may sound 
paradoxical, this complication of the variable 
from real frequencies to complex frequencies 
does allow marked simplification in character- 
ising networks, singular points replacing 
frequency curves; but, of course, it is 
unfamiliar to most of us and this is bound to 
lead to some heart-searching on the part of 
those whose thinking is grounded in the 
classical real frequency characteristics. The 
advantage in this modern approach may be 
more evident to the student, for it no longer 
demands an extensive experience in order to 
use the method effectively, and this is perhaps 
one of its most clear recommendations. 

There follows an introductory chapter on 
basic statistics giving definitions of correla- 
tion functions and spectral density with a 
discussion of practical methods of measure- 
ment of these functions. The author applies 
these ideas to the design of control systems 
by the process of minimising mean square 
error, using a fixed basic system and hence 
synthesising the required compensating net- 
work. There is wide agreement nowadays 
on the desirability of utilising representative 
input signals in design procedures rather than 
purely arbitrary test signals. However, not 
every system merits the labour of an absolute 
minimum mean square error design. The 
minima are often situated in shallow troughs 
when plotted against design parameters and 
$0 are not economic ; also the criterion of 
error is not always the most suitable one. 
Where a system must be the best possible 
regardless of expense and the criterion is 
acceptable, these systems are available and 
their possibility is useful as a yardstick 
against which to measure the quality of 
performance of less refined designs. 

A chapter on sample data systems intro- 
duces the transform theory for systems 
using regularly sampled data and discusses 
stability considerations relating these to the 
normal Nyquist criterion. An attempt is 
made to introduce the analogy of the root 


locus method here, but the desirable positions ° 


of modes are now much more obscure than 
for continuous systems, and it seems doubtful 
whether there is much advantage in this. 

The final two chapters deal with non- 
linear systems, first by means of describing 
function techniques and then using the phase 
plane diagram. No book on control systems 
is complete without such a treatise and yet in 
this book, whose best material is so specific- 
ally applicable to linear systems, it comes as 
an appendage, for it can at best be only 
superficially related to the previous work. 
The author can hardly be blamed for wishing 
to include some mention of a topic so 
important as handling non-linear elements— 
itremains perhaps the outstanding problem in 
this field. There are two schools of thought 
concerning it: the one that believes a 
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detailed knowledge of linear systems can be 
of little use in solving the complete non- 
linear problem, and the one that maintains 
that a simple connection may yet be revealed 
which will enable this knowledge to be used 
in solving this problem. Recent work in this 
country suggests there is hope for this latter 
course. If this is so, more power to Professor 
Truxal’s book, which takes linear analysis 
several stages further on from the previous 
position. While some of the procedures he 
discusses seem involved at the present time, 
one feels that use will result in the emergence 
of further systematisation, hence simplifica- 
tion. It is probably in this respect that 
further progress is now to be sought. 

Professor Truxal has performed a valuable 
service by the thoroughness and care with 
which he has assembled much novel and 
original work. Will this book result in a 
significant change in the way in which 
control systems are designed, say, five years 
from now ? It seems highly probablo; but 
this is a stern criterion to apply to a book. 
It would be doing less than justice to the 
author if one did not at the same time 
comment that in the current springtide of 
books on control engineering this one 
stands out as an exceptional work. 


Know Your Tractor. Compiled and pub- 
lished by The Shell Petroleum Company, 
Ltd., Shell Mex House, London, W.C.2. 

THE modern agricultural tractor is a complex 

machine, and this book describes it very 

fully, from what can well be termed the 
practical point of view. The training of 
machinery operators is one of the foremost 
problems of a highly mechanised agriculture, 
and the literature available for the purpose 
is by no means complete. The text of this 
volume, which has been ably assembled by 
the technical staff of the Shell organisation, 
covers most kinds of farm and general service 
tractors, excluding only the smaller machines 
used in horticulture. No detail about engine, 
transmission, electrical equipment, power 
applications, fuel systems, and lubrication 
appears to have been overlooked, and the 
numerous line and half-tone illustrations will 
undoubtedly assist the reader to assimilate 
the contents of the book. Tractor owners 
and operators who want to get the best out 
of their machines will value the book, and 
agricultural engineering students will derive 
much useful information from a study of it. 

We understand that technical schools, farm 

institutes and agricultural colleges are some 

of the organisations to which the book is 
being made available. 


Bibliography of Monolingual Scientific and 
Technical Glossaries, Vol. 1, National 
Standards. By E. Wuster. Paris: 
Unesco, 19, Avenue Kléber (16e). Obtain- 
able from H.M. Stationery Office, Corn- 
wall House, Stamford Street, London, 
S.E.1. Price 14s. 6d. 

IN its Documentation and Terminology of 

Science series, the United Nations Educa- 

tional, Scientific and Cultural Organisation 

has just published the first volume, cover- 
ing national standards, of its Bibliography 
of Monolingual Scientific and Technical 

Glossaries, compiled by Eugen Wiister and 

published in a bilingual French-English 

edition. 

In an introduction, Mr. Wiister notes that 
every scientist and engineer—as well as every 
sociologist and philologist, author, editor 
and teacher—continually meets with occa- 
sions when it is necessary for him to be able 
to elucidate the precise meaning of technical 
terms, or to discover the best technical terms 
to use, even in his mother tongue. The field 
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of electrical engineering alone has about 
50,000 terms. 

“In this age of growing international inter- 
communication,” he states, “ multi-lingual 
dictionaries have become indispensable both 
for reading and for translating, but these 
as a rule give only approximate equivalents 
and, for an accurate understanding, mono- 
lingual technical glossaries are in fact far 
more important.” 

Headings extracted from the Universal 
Decimal Classification are used in the biblio- 
graphy, which lists glossaries published ia 
twenty-seven languages. It is indexed by 
subject, language, author organisations and 
individual authors. 


Tables of Weber Parabolic Cylinder Func- 
tions. Edited by J.C. P. Miter. H.M. 
Stationery Office, London, S.E.1. Price 
63s. 


Many problems in physics, engineering and 
mathematics can be dealt with by using the 
functions originaliy introduced by H. F. 
Weber (1869) for the solution of the wave 
equation in two dimensions in parabolic co- 
ordinates. This volume contains solutions 
of Whittaker’s presentation : 


d* 
Git Gx*—a)y=0 


to about eight figures, x ranging 0 to 10 with 
interval 0-1 and a taking integer values —10 
to 10. There are also given a theory of 
parabolic cylinder functions and a compre- 
hensive collection of formule, including 
those for Hermite polynomicals. The tables 
were prepared for the National Physical 
agua by Scientific Computing Service, 


Strength and Elasticity of Materials. Vol. 1V. 
By W. H. Brooks. Macdonald and Co, 
(Publishers), Ltd., 16, Maddox Street, 
London, W.1. Price 35s. 

THIs volume comprises solutions to the 
questions of the University of London 
External B.Sc. (Engineering) Part Two ex- 
aminations from 1941 to 1952, including 
papers set under both old and revised regula- 
tions since 1950. In certain instances the 
working has been suppressed and only the 
answers given. Some notes for guidance are 
included, the questions being grouped by 
their subjects. 


Temperature Measurement. By N. T. VAN 
Der WALT. The Association of Engineer- 
ing and Shipbuilding Draughtsmen, Onslow 
Hall, Little Green, Richmond, Surrey. 
Price 3s. 

THE pamphlet briefly defines heat and 
temperature and then describes mercury in 
glass thermometers, alcohol thermometers, 
and the working of various categories of 
distance thermometers. Resistance thermo- 
meters receive attention and this is followed by 
a section dealing with thermocouples in 
which reference is made to the Seebeck, 
Peltier .and Kelvin Effects, the thermo- 
electric laws and the materials used. A short 
chapter is devoted to pyrometers and touches 
upon the spectrum, the Stefan-Boltzman law 
and the total radiation, optical and wedge 
pyrometers. 


Books Received 


Handbook of Barrel Finishing. By R. F. Enyedy. 
Chapman and Hall, Ltd., 37, Essex Street, London, 
W.C.2. Price 60s. 

Fabricating Simple Structures. Rural Industries 
Bureau, 35, Camp Road, Wimbledon, London, 
S.W.19. Price 8s. 6d. 

The British Shipbuilding Compendium. The Ship- 
ping World, Ltd., Effingham House, Arundel Street, 
London, W.C.2.. Price 20s. 

Electrical Trades Directory : The Electrical Journal 
Blue Book, 1956. Benn Brothers, Ltd., 154, Fleet 
Street, London, E.C.4. Price 63s. 
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Axial Blowers for Furnace Blast 


The demands of the gas turbine for high component efficiencies have brought 
about a great advance in axial compressor techniques. The characteristics of these 
compressors call for accurate matching to various applications. 


HE turbo-blower of axial design, which in 

principle is a reversal of the gas or steam 
turbine, is not a very recent invention. Its main 
characteristics were known more than thirty 
years ago, when it was already realised that it 
could attain very high efficiencies and was in that 
respect superior to the centrifugal blower. In 
spite of this situation, it was long restricted to a 
few special domains. it was regarded as having a 
very narrow working range and as being sus- 
ceptible to mechanical defects, and these short- 





stages of the blower. Many attempts have been 
made to remove this danger by wiring the 
blades, so as to damp vibrations and prevent 
dangerous amplitudes. However, the wires do 
not eliminate all forms of vibration and have the 
added disadvantage of adversely affecting the 
efficiency of the blowers, especially as these 
operate on the diffusion principle. 

A further danger arises when the medium 
handled contains comparatively large quantities 
of dust or other foreign matter. The dust 
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Fig. 1—Each of the axial blowers at Societe Sidelor is driven by a 6800 h.p. synchronous motor, and has 
an output roughly equal to both the piston-type compressors, gas engine drive, at the far end of the building 


comings proved a serious obstacle to its intro- 
duction into industry, where the centrifugal 
blower consequently remained supreme. The 
blades of the classical axial blower do, in fact, 
have thin, slightly curved sections to enable them 
to satisfy aerodynamic requirements, and they 
are therefore prone to mechanical vibration. A 
chance resonance between a natural frequency 
of a blade and one of the periodic excitations 
which always occur in these machines will some- 
times suffice to cause a fatigue fracture of the 
blade after a certain period of operation, and the 
broken blade may then do severe damage to other 











particles may then lead to fouling or erosion, 
which in time will modify the shape of the blade 
sections and consequently impair their efficiency. 
As the radial clearance of the blades is very 
small, it is also possible for dust particles to do 
damage by scratching the blade tips, although 
in practice this rarely happens and any radial 
contact taking place is almost always due to 
deformation of the casing, either because it is not 
rigid enough and yields to the forces exerted by 
the piping or because it is distorted by the work- 
ing temperatures. 

These facts explain the reserve with which the 
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Fig. 3—Axial blower of 53,000 cubic feet per minute 
intake direct coupled to recuperation turbine 


axial blower was long treated, particularly in the 
blast-furnace field. Blast-furnaces turn out 
large quantities of valuable material daily, and 
every stoppage therefore entails a very serious 
production loss. The first requirement in a 
blower serving a blast-furnace is consequently 
that of absolute reliability. Although the axial 
blower is the ideal machine for the large volumes 
of furnace blast required and also consumes a 
minimum of power as a result of its high eff- 
ciency, it was unable to gain a footing in the 
steel industry until the mechanical shortcomings 
mentioned above had been eliminated. 

These were the considerations which guided 
the development of the Sulzer axial blower 
which was placed on the market nearly ten years 
ago. The design aimed at was one which offered 
optimum efficiency while fulfilling strict require. 
ments as to sturdiness and reliability in service. 


SOME EARLY INSTALLATIONS 


The first two blowers, which handled 74,000 
cubic feet per minute each at a pressure of 25-61b 
per square inch gauge (Fig. 1), were installed in 
1950 in the Aciéries de Rombas (now Société 
Sidelor) in the neighbourhood of Metz, to be 
followed in 1952 by two further units for a some- 
what smaller throughput purchased by the Société 
Métallurgique de Knutange, of Knutange- 
Nilvange, France (Fig. 3). 

These axial blowers marked a new departure 
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in the stecl industry, and further units of the 
were soon being installed in France, 
Luxemburg and—as far as import 
rsictions permitted—in Great Britain and 


a end of 1955 fifteen Sulzer axial 

, fur a total delivery of 1,000,000 cubic 

feet of air per minute, had been ordered for 
furnace alone: rather more than half of 
units are already in service. Constant aero- 
dynamic research has enabled the adiabatic 
ficiency of the axial blower, which lay at about 
cent a few years ago, to be further 
improved. In the acceptance tests conducted by 
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measured over a fairly wide working range. In 
all the Sulzer axial blowers installed so far only 
one breakdown has occurred, and this was due 
to pieces of in plate being drawn into the 
machine. Although a number of blades were 
damaged, the only immediate result was a slight 


drop in the final pressure and efficiency, which the 
owners attributed to fouling. This did. not 
prevent the machine from being kept in operation 
for several weeks more, till finally an inspection 
carried out during a shut-down revealed the 
Peculiar nature of this ‘‘ fouling.”” No other 
defects, wear or fouling have been observed in 













Fig. 5—Recuperation turbine with adjustable nozzle blades 
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any of the machines. Measurements taken in a 
blower belonging to the Société Métallurgique de 
Knutange after 8200 hours of operation without 
cleaning have confirmed the relative indifference 
of the Sulzer design to impurities in the air 
delivered. 

Although this unit handles fairly dusty air 
and is not fitted with a suction filter, the 
measurements revealed no sensible difference 
in pressure, discharge or efficiency as compared 
with the figures for the machine when new. 
Subsequent inspection showed that, while there 
were fairly large deposits of dust at certain 
points in the suction and discharge ducting, the 
blades themselves had remained extremely clean. 
The experience acquired with the other Sulzer 
machines commissioned up to date—most of 
which operate without suction filters—also 
suggests that the danger of fouling as a result of 
the dry dust usually present in steel works air 
is small, so that the fitting of filters is not justified 
on these grounds. It is, of course, true that 
fouling is not the only danger to which, the blades 
are exposed, and due allowance must be made for 
the possibility of erosion being caused over long 
periods by the dust particles impinging on the 
blades. 

Actually no wear of this kind has been 
observed so far in any Sulzer blower, and it may 
therefore be assumed that any erosion which does 
occur must proceed very slowly. However, it is 
early to pass a final verdict on this matter, and 
for the time being it is wise to fit a filter when 
handling air containing dust in large quantities 
or in aggressive forms. 

The special characteristics of this blower and 
various aspects of its application to blast- 
furnace duties are dealt with in more detail 
below. 


INFLUENCE OF BLADE DESIGN 
IN THE AXIAL BLOWER 


The fundamental features of the Sulzer axial 
blower are apparent from the longitudinal 
section in Fig. 2. The main aim in the design 
of this blower was to incorporate sturdy blading 
which would stand up to vibration and thus 
help to eliminate the gravest disadvantage of 
the classical blower designs. The slender blades 
previously used were therefore replaced by blades 
of the same radial 
length, but with a much 
more robust profile, i.e. 90 
with greater axial breadth 
and a correspondingly 85 
larger pitch. The result 


was the stocky blade  . * 
which has given the §$ 7 
Sulzer blower its char- $ 
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acteristic | appearance. 
The effect of this stronger 
blade section, with its 
increased moment of 
inertia, on the resistance 
to vibration will at 
once become clear 
when the causes of the 
vibration are considered. Each blade leaves a 
slight disturbance in the medium flowing away 
from it, and this “‘ wake’’ acts upon the rotor 
blades of the next stage. The pulses thus caused 
recur with a frequency equal to the product of 
the speed of rotation and the number of blades 
in the wheel. They may lead to dangerous 
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vibrations as soon as their frequency coincides 
with or approaches one of the natural frequencies 
of the blades. It is well known that slender and 
narrow blades have numerous modes of vibra- 
tion, including, for instance, both bending and 
torsional vibrations of the first, second and higher 
orders. Any of these vibrations may cause 
resonances, yet it is practically impossible to 
calculate them in advance. In the low aspect 
ratio blades the situation is much more favour- 
able. Not only have the sturdy sections much 
higher natural frequencies, but the frequencies 
of the exciting impulses are lower on account 
of the larger pitch and the smaller number of 
blades. Consequently, the fundamental vibra- 
tions of the first order are the only ones to fall 
in the working range, and as these can be reliably 
calculated or measured in advance it is a simple 
matter to ensure that they are far enough removed 
from the exciting frequencies to preclude any 
risk of dangerous resonances. The thickening 
of the blade sections has brought other advan- 
tages with it, such as a considerable increase in 
the resistance to erosion and a reduction of the 
effects of fouling. The reason for this is that 
erosive wear or fouling of a given depth naturally 
produces less change in the shape of a blade of 
large dimensions than in that of a smaller one. 

The introduction of these sturdy blades has 
profoundly influenced the design of the blower. 
As the form of the blade section is fixed by aero- 
dynamic considerations and cannot be changed, 
the only way of thickening it was to step up all 
its other dimensions in proportion. This led 
to a corresponding increase in the pitch of the 
blades and in the axial space taken up by each 
blade wheel. This, however, would have meant 
that the whole machine, or at the very least 
rotor and stator, would have become proportion- 
ately longer, which would have had an adverse 
effect on the price ; to avoid this, there was no 
alternative but to allocate a bigger pressure 
difference to each stage. By using laminar 
profiles for high velocities of flow, it proved pos- 
sible to increase the energy conversion per stage 
very considerably, and to do so without impairing 
the efficiencies. In fact, these blowers to-day 
attain stage efficiencies of 92 to 93 per cent 
at Mach numbers up to 0-85. It is there- 
fore the progress made in aerodynamics which 
has permitted the components to be strengthened 
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ns Efficiency of blading. 

nl Efficiency of turbine with adjustable nozzles. 

72 Efficiency of turbine with three admission valves. 

pi Throttling losses due to partial closing of admission valves. 

p2 Residual throttling losses in valves (necessary for stability of regulation). 
p3 Tip and ventilation losses due to partial admission. 

p} Outlet losses due to partial flow in diffuser. 


Fig. 6—Comparative efficiencies of recuperation turbines 


be reducing the number of stages and the flow 
areas and has thus made possible the present 
robust design of blower. 

It may be mentioned that the blades operate 
with about 80 per cent reaction and with constant 
circulation (free vortex). This favourably in- 
fluences the resistance to fouling, since the stator 
blades—which are not subject to centrifugal 
force and are therefore more in danger of fouling 
—are responsible for only a small proportion of 
the total pressure increase. 

The performance of an axial blower depends 
to a large extent on the rigidity of the casing 
and the accurate and stable centring of the rotor. 
The stator blade carrier fitted in this blower 
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greatly facilitates the fulfilment of these require- 
ments. It enables the casing to be made with a 
larger and more uniform diameter over its whole 
length, which notably increases its rigidity, and 
the carrier itself can be accurately centred 
relative to the rotor. As a result, the radial 
clearances can be reduced to a minimum without 
there being any risk of a blade rub. It may also 
be mentioned that the stator blade carrier does 
not increase the cost, as it allows the same casing 
forms and foundry patterns to be used for machines 
of different deliveries, which, consequently, 
differ only in the length of their blades and the 
diameter of the stator blade carrier. It has thus 
been possible to standardise the casings, restrict- 
ing them to a few models which can be used in 
either industrial or gas-turbine compressors 
and are therefore economical to manufacture. 
This arrangement is also an advantage when 
changed working conditions make it desirable 
to modify a machine. The axial blower lends 
itself well to conversions of this kind, as it 
permits stages to be added or removed at will. 
If optimum efficiencies are to be obtained after 


THE ENGINEER 


values of 92 to 93 per cent in the optimum range, 
while the corresponding isentropic efficiencies lie 
between 87 and 88-5 per cent. 


DRIVE AND REGULATION 


Although the high efficiency of the axial 
blower enables the cost of furnace blast to be 
reduced, problems of drive and regulation arise 
if operation is to be made as economical as 
possible. In the centrifugal blower pressure 
regulation is the main problem, and is often 
simplified by the acceptance of a comparatively 
small pressure reserve. The great reduction 
in throughput which occurs as a result of 
** scaffolding ’’ of the charge in the furnace must 
then be tolerated. With the axial blower and its 
steep pressure-volume characteristic, this question 
hardly arises in practice : the pressure can be 
varied within fairly wide limits without serious 
prejudice to the delivery volume and efficiency. 
Instead, some thought has to be given to volume 
regulation. A blast-furnace blower is not nor- 
mally designed for the air throughput in normal 
service, but for the volume and pressure to be 





Fig. 7—Adjusting mechanism of the variable stagger guide vanes, seen in the “ open ”’’ and “ closed ’’ positions 


conversion, however, the cross-section of the 
outlet diffuser must also be changed, as well 
as the section of the annular channel in which 
the stages in question are located. In a design 
which has recently been developed, the stator 
blade carrier is vertically split and one end of it 
joined to the outer shell of the diffuser. The 
replacement of this shell then suffices to give the 
correct cross-sections both in the annular channel 
and in the diffuser, so that the efficiency can be kept 
at its original level with a minimum of expense. 

Full consideration has been given to aero- 
dynamic requirements in the inlet and outlet 
ducts. The ring duct on the suction side was 
developed with the aid of model tests and 
ensures uniform distribution of the inlet velocity 
to the first stage, both circumferentially and 
over the height of the blade. After leaving 
the blading the air flows into a long, carefully 
profiled diffuser, where a proportion of the 
velocity energy is converted into pressure. It was 
found that the efficiency of energy conversion 
depends, not only on the profile of the diffuser, 
but also on the design of the annular duct 
following it. A very favourable form was found 
with which about 70 per cent of the velocity 
energy can be converted into pressure, a figure 
which can be regarded as satisfactory for an 
annular diffuser with a curved profile. The loss 
of the remaining 30 per cent naturally affects the 
internal efficiency of the blower in a measure 
depending on the number of stages. The total 
loss in an eight-stage machine of the kind most 
commonly used in blast-furnace operation is, for 
instance, about 2 per cent. This, together with 
the much smaller inlet loss, accounts for the fact 
that the overall efficiency of an axial blower is 
always lower than that of a single stage. The 
stage efficiencies of Sulzer axial blowers attain 


expected when the furnace is in maximum pro- 
duction. Consequently the blower has to 
operate most of the time with a throughput 10 or 
20 per cent below this level. The problem is 
therefore to reduce the discharge of the blower 
by this amount and sometimes to an even greater 
extent, according to requirements, without 
causing losses which would unduly diminish the 
efficiency of blast generation. The methods 
adopted depend primarily on the nature of the 
blower drive. 

(a) Steam Turbine Drive —When the blower is 
driven by a steam turbine the volume is normally 
regulated by altering the speed. If the blower is 
suitably designed this method is fairly economical, 
as it causes no losses in the blower. On the other 
hand, it may adversely affect the turbine effi- 
ciency, less on account of the speed adjustment 
than of the reduction in output. As the blower 
has a large volume and pressure reserve, in normal 
service, it will often absorb only 60 to 70 per cent 
of the input which it requires for raising the 
maximum volume to the maximum final pressure. 
At this greatly reduced load the steam turbine 
operates with partial admission in the first stage 
and reduced pressure gradient in the following 
stages, so that its efficiency is well below the 
optimum. If this reduction in efficiency is to be 
avoided or at least kept to a minimum there must 
be as little difference as possible between maxi- 
mum turbine output and normal blower input. 
This means that the turbine should not have 
an unnecessarily large reserve. Another method 
of improving the efficiency at the normal service 
point is to equip the turbine with overload valves 
which bridge over one or more stages. The most 
economical service point then lies below full load 
and nearer to the normal input of the blower. 
This method has been adopted, for instance, in 
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the 12,000kW Oerlikon turbine which drives { 
Sulzer axial blower in the Margam works Of the 
Steel Company of Wales. This blower 

first machine of its kind to be installed in Britain - 
it delivers up to 141,000 cubic fee: of air ne, 
minute against gauge pressures fror 21 1b to | 
361b per square inch, and is connected tg 
blast-furnace operating with or without back 
pressure at the throat. The diagram in Fig, 4 
shows the characteristics of the blower at yar; 
speeds as well as its power input over the whole 
working range. 

(b) Electric Motor Drive.-—While in some 
countries blast-furnace blowers are 
driven by steam turbines, in others —and par- 
ticularly in Western Europe—prefererce is given 
to the electric motor. In theory, volume Tegula- 
tion by speed adjustment is quite possible with 
the electric motor with slip regulation or 
installing a Ward-Leonard set. The latter 
expedient, however, is very expensive and there. 
fore of little practical interest. Slip regulation 
also has its drawbacks, as the efficiency of the 
asynchronous motor decreases in proportion 
with the reduction in speed, the slippage energy 
having to be destroyed in the rotor resistances, 
This method is consequently unsatisfactory 
whenever the normal service point lies any 
distance away from the pressure-volume charac. 
teristic at maximum speed, and for this reason 
it is not very widely used. Instead, the last 
ten years have seen a marked rise in the popularity 
of the synchronous motor, which is very robust 
and simple to maintain and also permits the 
power factor of the electric mains to be con- 
siderably improved. As the speed of this motor 
is fixed by the mains frequency, the volume must 
be regulated in some other way, and the Sulzer 
system, which may also be adopted for centrifugal 
blowers, consists in running the blower at 
maximum delivery at all times and expanding 
any surplus air in a turbine. The turbine wheel, 
which is coupled to the blower shaft, 
recovers most of the energy used for the com- 
pression of the surplus air and thereby relieves 
the driving motor. The economy of this system 
of regulation naturally depends on the efficiencies 
of the blower and recuperation turbine, and for 
this reason the original turbine design with valve 
control (Fig. 3) has been superseded by a com- 
pletely new design with adjustable guide blades. 
The efficiency of a valve-controlled turbine is 
always impaired by the losses due to the regulat- 
ing valves themselves and to partial admission, 
which are all the more serious because the 
available adiabatic head is fairly small. The 
greatest losses occur when a valve is partly 
closed, since the adiabatic head for the partial 
throughput of the nozzle segment concerned is 
then almost entirely destroyed by throttling. 
Even when the valves are fully open, however, 
their pressure losses cannot be allowed to fall 
below a certain level, since this would affect the 
stability of regulation. In addition, partial 
admission causes tip and ventilation losses in the 
rotor and greatly reduces the efficacy of the 
outlet diffuser, which can only operate well when 


flow conditions are steady. Consequently, the 


efficiencies which were obtained with the valve- 
controlled turbines were modest even when first- 
class blading was used. The recuperation turbine 
with adjustable guide blades (Fig. 5) is therefore 
a marked improvement in this respect. The 
profiled guide blades form nozzles in which the 
medium is expanded, so that it enters the rotor 
blades at high velocity. The result is continuous 
volume regulation without throttling losses, at 
least down to very nearly closed blade positions. 
The rotatable blades also modify the direction 
of flow in accordance with the volume, in this 
way favourably affecting the efficiency at all 
loads. Finally, the rotor always operates with 
full admission, so that optimum working condi- 
tions are ensured in the diffuser. The diagram in 
Fig. 6 shows the overall adiabatic efficiency of a 
recuperation turbine as a function of its through- 
put, compared with that of a turbine with valve 
control. The two cases are based on blading of 
the same efficiency (upper curve), from which 
the various losses in the two types of turbine are 
subtracted. It will be seen that on the average 
the overall efficiency of the new turbine is sensibly 
higher, as individual measurements in the two 
types have confirmed. As the outputs of these 
recuperation turbines generally attain several 
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Fig. 8—A 2500kW synchronous motor drives this 38,000 cubic feet per minute blower. The recuperation 
turbine oreground 





is in the fe 


hundred kilowatts, it is obvious that the new 
design represents a considerable saving. The 
air enters the overhung rotor from the free end, 
so that the guide blade control gear, with its 
servo-motor, can be located inside the guide 
blade hub. The adjusting mechanism, which 
consists mainly of rotary levers, push-rods and 
the round servo-plate (Fig. 7), is enclosed in an 
airtight casing and is thus effectively protected 
against dust and atmospheric influences. It is 
lubricated with oil under pressure and requires 
no maintenance. 

As the delivery of the axial blower can now be 
varied within wide limits at high efficiency, it is 
able to satisfy working requirements previously 
regarded as difficult or even impossible. An 
interesting example of the use of the blower 
outside the steel industry is furnished by two 
units installed in a gasworks at Alfortville 
belonging to the Société Gaz de France and 
used for compressing town gas for the French 
capital. Each of these sets handles volumes vary- 
ing between 15,000 and 60,000 cubic feet per- 
minute, according to the fluctuations in the daily 
demand, and must supply the gas in a pressure 
range between 2-8 lb and 14 lb per square inch. 
In blast-furnace blowers regulating conditions 
are normally much less exacting, the volumes 
mostly varying between about 70 and 100 per 
cent of the maximum throughput, though in 
special cases—for instance, in plants which 
serve two furnaces of different diameter in turn— 
the working range may extend to much lower 
figures. Fig. 8 shows a typical blast generating 
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Fig. 9—Efficiency contours of gas turbine blast genera- 

tor with compressor bleed and recuperative turbine. 

The shaded area shows the normal working require- 
ments of the blast-furnace 


plant driven by an Oerlikon synchronous motor. 

(c) Gas Turbine Drive-—The gas turbine has 
been gaining ground rapidly in the steel industry 
in recent years ; when run on blast-furnace gas 
it is a highly economical prime mover which 
combines good efficiency with small dimensions, 
low upkeep costs and simple operation. 

The application of the gas turbine to blast 
generation has been discussed previously in 
these columns, particularly on January 21, 1955, 
page 87. Although the blower is, in this case, 
designed for the average and not the maximum 
demand of the furnace, the recuperation turbine 
is provided to improve efficiency when the 
demand for air is low. The graphs of Fig. 9 
apply to the cycle we illustrated on page 124, 
January 27, 1956, with a recuperation turbine 
included, and show that a high efficiency can be 
sustained throughout the shaded working range. 
This diagram shows that efficiency is markedly 
less sensitive to output on the high side of the 
blower characteristic, and emphasises the virtue 
of a gas turbine prime mover which makes such 
operation possible. 





Collapsible Tube Manufacture 


DurinG the past few years there has been a 
considerable increase in the use of collapsible 
tubes for packing cosmetics, paints, chemicals, 
foodstuffs, and the many other materials suitable 
for this type of packaging. One of the largest 
manufacturers of collapsible tubes in this country 
is Venesta, Ltd., and this firm recently completed 
the installation of a number of continuous 
production lines for tubes in its Silvertown 
factory. These lines, each served by four 
operators, are designed to produce some fifty-five 
tubes a minute, each tube being made, painted, 
printed and capped ready for packing in a 
production cycle of twenty minutes. Of the 
tubes made at the factory, 57 per cent are of 
aluminium, 13 per cent tin, 14 per cent lead and 
16 per cent tin-coated lead, and they vary from 
jin diameter and 2}in long to 2}in diameter to 
10in long. 

The factory covers an area of some 76,000 
square feet, one-half of which is devoted to 
batch production and the remainder to con- 
tinuous production. Production is arranged to 
flow in each case from the outer sides of the 
shop: towards a central gangway, where the 
tubes packed for dispatch are transferred by 
fork trucks to an adjoining warehouse. All 
tubes are made by impact extrusion and the 
slugs, or “dumps” as they are called in this 
branch of industry, are prepared from rolled 
strip in a separate shop. In this shop ingots 
of the metals used, with the exception of alu- 
minium, are cast into ingots, cold rolled to 
thickness, and the slugs stamped out on presses. 
The slugs are then rumbled in a barrel to smooth 
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their edges and a prescribed amount of lubricant 
added to facilitate extrusion. Aluminium slugs 
of the required sizes are obtained from outside 
sources and are only processed by rumbling in 
this shop. 

At the start of a continuous production 
machine line the slugs are fed one at a time from 
a hopper into an automatic horizontal impact 
extrusion machine. After extrusion the tubes are 
stripped off the punch and transferred by a belt 
to an adjacent trimming and screwing machine. 
This machine has a horizontal indexing plate 
from which project a number of arbors on 
which the tubes are carried from station to 
station and rotated. At the loading station a 
tube is pushed on to an arbor and a driving 
grip is imparted by a knurled nipple at the end 
of the arbor locating in the nozzle orifice. The 
plate rotates to the next work station where, as 
the tube is rotated, a pair of rolls are fed into the 
side of the nozzle to form the screw thread. At 
subsequent stations the nozzle is trimmed, the 
tube base cut to length and rolled flat. At the 
last station a saddle comes into contact with 
the tube to hold it lightly so that it is unscrewed 
by the rotary motion of the arbor. When freed 
the tube slides down a chute out of the machine 
for transfer to an annealing oven, in the case of 
aluminium tubes, or straight on to a belt leading 
to the feed station of an enamelling equipment. 

At the enamelling feed station the tubes are 
transferred on to a continuous line of horizontal 
arbors which carry them through a set of enamel- 
ling rollers. After enamelling the tubes are 
transferred by an operator on to a horizontal 
peg-chain conveyor which carries them up for a 
series of passes through a stoving oven. After 
traversing through this stove the tube conveyor 
passes a station where the tubes are transferred 
on to the arbor of an offset-rotary printing 
machine where the manufacturer’s design and 
legend are printed in up to four colours. The 
finish printed tubes are then transferred by an 
operator on to the pegs of a second conveyor 
chain which carries them through a second drying 
oven. After drying the tubes are ejected from the 
pegs into an automatic capping machine, where 
the caps are screwed on to the correct degree of 
tightness. A belt then transfers the tubes to the 
adjacent inspection and packing station. 

In the batch production section of the factory 
the tubes are manufactured in a similar series of 
operations, which are carried out on individual 
hand-fed machines between which transfer is 
effected by stillages. A strict laboratory control 
is maintained to ensure consistant standards and 
at regular intervals sample tubes are withdrawn 
from the production lines for tests. This labora- 
tory has been responsible for developing the 
special inks and enamels used for the tubes, and 
it also gives guidance on internal protective 
coatings necessary in special cases to protect the 
tubes or the products they contain. 





Technical Report 


Column Tests on Some Proposed Aluminium 
Standard Structural Sections. Research Report 
No. 28. R.E.Smith,M.A. The Aluminium Develop- 
ment Association, 33, Grosvenor Street, London, 
W.1. Price 7s. 6d.—The report recalls that an inves- 
tigation into the possibility of designing new standard 
sections, which would make more effective use of 
the extrusion process, resulted in sections being 
proposed which incorporated root fillets and edge 
beads to provide increased resistance to elastic 
instability. This form of failure is of particular 
importance with aluminium and tests were decided 
upon to establish the load-carrying capacity of the 
sections. Axially-loaded column tests were carried 
out in equal and unequal bulb angles, lipped channels 
and lipped “ H” sections, and form the subject of 
the report. The tests are described and all were 
done with flat-ended specimens, special platens being 

A combination of torsional and flexural 
buckling was the main cause of failure and the report 
suggests a method for applying a well-known general 
theory of buckling of thin-walled sections to bulbed 
sections. The adapted theory shows reasonable 
agreement with test results for sections with one 
axis of symmetry, but not for the unequal bulb angle. 
Empircal strut curves based on the adapted theory 
generally achieve closer agreement, while behaviour 
of the lipped “‘ H *’-section can be calculated from the 
Perry-Robertson curve. 
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Modified “Merchant Navy” Class 
Locomotive 


A number of modifications are being made to the “* Merchant Navy”? class loco- 

motives which were first introduced on the Southern Railway in 1941. Amongst 

other things, the locomotives are being fitted with a new inside cylinder, three 

independent sets of Walschaerts valve gear, screw reversing gear, a new smokebox 
and orthodox boiler clothing plates. 


iE was recently announced by British Railways 
that a number of modifications are now being 
incorporated in the ‘“ Merchant Navy” class 
“gp” “ Pacific’? locomotives built to the 
designs of Mr. O. V. Bulleid and introduced on 
the former Southern Railway in 1941. These 
locomotives have probably been the subject of 
more discussion and controversy in railway 
circles than any previous design of engine built 
in this country, as they embodied many depar- 
tures from conventional British practice. These 
departures from standard practice (and it is 
with them that the modifications are particu- 
larly concerned) include the following : a three- 
throw crankshaft which is chain driven from the 
driving axle and operates valve gear for each of 
the three cylinders, each gear being connected 
to its respective piston valve through a rocking 
lever arrangement ; an oil bath enclosing. the 
three sets of valve gear and the inside motion ; 
a smokebox of irregular shape and a special 
casing over the whole of the upper part of the 
locomotive. 

In announcing the modifications it is pointed 
out that some of the above design details have 
proved troublesome and resulted in the locomo- 
tives being somewhat unsatisfactory from the 
aspects of availability, maintenance and acces- 
sibility.. Further, their consumption of fuel, oil 
and water has been high in comparison with 
other modern locomotives. The modifications 
are being made to designs prepared at Brighton 
under the direction of Mr. H. H. Swift, chief 
mechanical and electrical engineer, Southern 
Region, in consultation with Mr. R. C. Bond, 
chief mechanical and electrical engineer, British 
Railways, Central Staff, British Transport Com- 
mission. The work of preparing the new details 
is being carried out mainly at the Eastleigh 
locomotive works, with assistance from the 
Ashford works. 

Modification of the first of the thirty locomo- 
tives of the class, No. 35018, “ British India 
Line,” has been completed and the engine is 


illustrated on this page. The locomotive now 
has a boiler working pressure of 250 Ib, as com- 
pared with the original 280 lb per square inch ; 
a tractive effort of 33,495 Ib (originally 37,500 Ib) 
and weighs 151 tons 4 cwt in full working order 
(originally 145 tons). The leading dimensions 
can be seen in the drawing, Fig. 2, reproduced 
opposite. 


CYLINDERS AND MOTION 


The three-cylinder arrangement has been 
retained with the cylinders in their former 
position driving on to the middle coupled axle. 
A new inside cylinder is provided, but the two 
existing outside cylinders have been retained. 
The diameter and stroke are unchanged at 18in 
and 24in, respectively, and the piston valves 
remain at 1lin diameter. The inside cylinder 
has the steam chest offset to the right and in 
common with normal modern locomotive prac- 
tice has inside admission. A steel casting, having 
cast iron liners to both the cylinder barrel and 
steam chest, has been employed in order to save 
weight. 

The valves of the outside cylinders were pre- 
viously driven indirectly from the valve gear by a 
rocking shaft, passing into the exhaust chamber 
of the steam chest, an arrangement which per- 
mitted the use of outside admission. The steam 
chests are placed on the same vertical centre line 
as the cylinders and to avoid the necessity to 
replace the outside cylinders, the original arrange- 
ment and outside admission have been retained. 
This has necessitated the use of a high-pressure 
gland for the valve spindle and special measures 
to translate the actuation from the plane of the 
valve gear to the steam chest centre line. Fol- 
lowing the latest British Railways practice, the 
piston heads are attached to the piston-rods by a 
parallel fastening. The piston-rods are provided 
with “‘ United Kingdom” cast iron packings, 
and this packing is also used for the valve spindles 
of the outside cylinders. 

The use of continuous lubrication to the motion 
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between the frames in the original design Was 
ideal in principle, but in practice the pi] bath 
proved only partly successful and introduced 
certain troubles. These troubles include: exces: 
sive use of oil due to practical diffic: Ities in 
keeping the bath oil-tight, the entry of water 
causing emulsification of the oil and c ‘Trosion 
of the steel motion details, and the ina ility tg 
examine the various working parts e:cept at 
infrequent intervals. As a result, it was de¢j 
to dispense with the oil bath and retur to the 
orthodox arrangement in which the motion and 
valve gear of the inside cylinder are not com. 
pletely enclosed, and require the normal «tention 
as regards examination and lubrication. 

Three independent sets of Walschaerts valve 
gear are now provided, those for the outside 
cylinders being driven by return cranks on the 
driving crank pins, and by crosshead arms 
attached to the crossheads. For this reason 
fourteen crossheads had to be redesigned, and 
since the original piston-rod and crosshead 
have been manufactured from a single forging 
the opportunity was taken to make the new 
crosshead separate from the piston-rod, the nor. 
mal cone and cotter attachment being used, 
The outside valve gears are arranged for outside 
admission and transmit the motion to the valye 
spindle from the top of the combination lever 
but due to the offset between the centre line of 
the valve gear and the axis of the steam chest, a 
suspension link is employed. This link carries 
the weight of the valve gear, thereby eliminating 
the need for the normal valve spindle crosshead 
guides. A short link is used to connect the 
suspension link to the valve spindle. These 
details can be seen in the illustration Fig. 3, 
showing the left-hand side valve gear of a loco- 
motive during erection. 

The piston valves have a nominal maximum 
travel of 6}in and each head is fitted with four 
narrow rings. The return crank-rod is attached 
to the return crank through an S.K.F. self- 
aligning ball bearing. 

The inside valve gear is driven by an eccentric 
mounted on the right-hand crank web of the 
driving axle. A spigoted attachment held by 
five studs is employed, and the mounting for the 
eccentric is interchangeable with that of the 
chain drive sprocket of the valve gear formerly 
fitted. The new valve gear is of orthodox design 
and the lap-and-lead motion is driven in the 
normal way from an arm made integrally with 
the crosshead. The maximum travel is approxi- 
mately 6 j;in. 

The steam reversing gear previously fitted has 
been replaced by a screw gear and, to suit the 
layout, the cab contains only the handle, spur 
gearing, locking gear and cut-off indicator of 
this gear. The operation is transmitted by a 


Fig. 1—Modified ‘‘ Merchant Navy ”’ class locomotive No. 35018, “ British India Line ”’ 
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shaft, with universal joints, to the screw located 
on a bracket attached to the outside of the main 
frame midway between the left-hand driving and 
trailing wheels. A short bridle rod connects the 
reversing screw nut to the reversing shafts. This 
arrangement, which is a compromise between 
that in which the screw is mounted in the cab 
and that in which it is placed directly at the 
reversing shaft, was first used on the former 
London, Midland and Scottish Railway. 
Normally with multi-cylinder locomotives, 
having independent sets of valve gear, it is 
necessary to use an auxiliary reversing shaft for 
the inside valve gear. In this case, however, it 
has been found possible to use a single shaft for 
all three gears, lifting of the radius rods being 
effected by an arrangement in which a slide block 
works in a slot in the radius rod, the block being 
attached directly to the reversing shaft arm. 


SMOKEBOX AND BOILER 


A new smokebox of the orthodox cylindrical 
shape rests on a saddle, part of which is formed 
by the upper portion of the new inside cylinder 
and the remainder by a new fabricated saddle 
stretcher. This stretcher is bolted to the front 
of the cylinder casting as well as to the frames, 
and since it spans the space between the two 
outside cylinders, it gives a greater degree of 
rigidity to the front end of the locomotive. The 
saddle stretcher is so designed that it permits 
ready access to the front cover of the inside 
cylinder and the removal of the piston and rod. 
By removing a cover plate on the top of the 
stretcher, inside the smokebox, the inside piston 
valve spindle can be withdrawn. The cylinder 
and stretcher bolted together to form the smoke- 
box saddle can be seen in Fig. 4. A drilling jig 
for the smokebox bolt: holes is shown in position 
on the saddle. The smokebox is surmounted by 
a large diameter cast iron chimney fitted with a 
petticoat and ejector exhaust ring: The multiple 
jet blast pipe is retained. 

A new superheater header has been fitted ; 
it has three flanges for individual steam pipes 
to each cylinder. The right-hand outside flange 
takes the steam pipe to the inside cylinder, 
whilst the inside and left-hand flanges feed the 
right-hand and left-hand outside cylinders, 
respectively. All three steam pipes pass outside 
the smokebox through stuffing-boxes on the 
smokebox wrapper. A smokebox door of 
elliptical shape has been retained. 

The air-smoothed casing which formerly 
enveloped the boiler and smokebox has been 
teplaced by orthodox boiler clothing plates 
mounted on crinolines, and the smokebox is 
unclothed. Foot-plating has been provided 
along the sides of the engine to assist in servicing 
and maintenance, following the pattern of the 
B.R. standard locomotives, except that it is 
carried principally by brackets from the main 
frame. A smoke deflector plate is provided at 
each side of the smokebox. 

The design of the boiler remains unaltered, 


Fig. 2—General arrangement of three-cylinder, 4-6-2 modified ‘‘ Merchant Navy ”’ class locomotive 


but to bring the locomotive into line with the 
latest practice and in the interests of good 
combustion and rapid turn-round, it is fitted with 
a rocking fire-grate of the standard B.R. design. 
The rocking sections are divided into two groups 
which can be rocked separately and are situated 
on either side of the longitudinal centre line. 
Both groups comprise six carrier .bars, each 
mounting fifteen unit firebars. Two extents of 
rocking are provided for by suitable locking 
devices incorporated in the operating gear on 
the footplate : a small angular movement for 
fire cleaning whilst running and a large move- 
ment for dumping when the locomotive is over 
the ashpit. 

The new ashpan which is fitted has standard 
butterfly doors for self-emptying purposes. 
These doors are operated from the ground by 
means of a common linkage to a short lever, 
which takes the same bar as that used for operat- 
ing the rocking grate. 

The new ashpan like its predecessor is 
divided into three parts, there being a central 
section between the frames and two outer 
sections. The central section has two hoppers, 
each with bottom doors, the ‘rear leg passing 
through the reins, of the trailing truck. Two 
damper doors are provided in the central 


section, the forward door being hinged from the 
front leg and the trailing door from the rear leg. 
The outer sections of the ashpan have one 
hopper each, in line with the front leg of the 


‘central section, the rear portion of these pans 


being situated, inevitably, above the wheels of 
the trailing truck. To enable these rear portions 
to be cleaned out where it is not possible to 
provide sufficient slope to ensure that the ashes 
will slide down normally, side access doors are 
provided so that any accumulation of ash can 
be rodded down. 

Two damper doors are provided on each of 
the outer sections of the ashpan so that, in all, 
there are three damper doors facing forwards 
and three facing rearwards, in order to provide 
adequate combustion air to support the highest 
steaming rate of which the boiler is capable. 
The damper doors are operated in two groups 
by screw control on the footplate, the groups 
comprising the doors facing forwards and the 
doors facing rearwards, respectively. The 
transverse shaft which operates the three for- 
ward doors, which are in line, is provided with a 
simple form of universal joint so that any slight 
deformation of the ashpan will not cause 
tightness. 

The structure of the cab has not been altered 





Fig. 3—Left-hand side valye gear of locomotive during erection 
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except that, to facilitate accessibility and con- 
form with the altered external appearance of 
the locomotives, the lower portion of the curved 
side sheeting is cut away. A new cab roof 
ventilator provided is supported on links, so 
arranged as to make it easy to operate and 
positively held. 

The majority of the driving controls remain 
unchanged, the principal exception being the 
provision of the reversing screw handle and 
gearbox in place of the controls to the steam 
reversing gear. This alteration has made it 
necessary to adjust the driver’s seat to a position 
slightly further back. The “ Ajax ”’ design fire- 
hole door has been retained, but as the steam 
operating gear was very little used it has been 
removed. The firehole is fitted with a deflector 
plate to improve the combustion of the volatile 
content of the coal by directing the secondary 
air into head-on collision with the gases leaving 
the fire bed. 


LUBRICATION 


The cylinders and steam chests are fed by 
three six-feed Wakefield mechanical lubricators, 
which were formerly mounted on the platform 
in front of the smokebox and are now placed on 
the side foot-plating immediately above the 
slide-bar brackets. Two of the lubricators are 
located on the left-hand side and the third, 


Fig. 4—Cylinder and stretcher bolted together to form 
the smokebox saddle 


together with a new ten-feed Wakefield lubricator 
for engine oil, is on the right-hand side of the 
engine. They are driven in the normal manner 
from small levers attached to the outside expan- 
sion links. 

Lubricant fed to the steam chests of the out- 
side cylinders is atomised, but atomised feeds 
to the inside valve are introduced into the steam 
pipe, owing to the position of the steam chest 
under the smokebox. The cylinder barrels are 
lubricated by non-atomised feeds introduced at 
top and bottom. The remaining non-atomised 
feeds are to the piston-rod packing and the valve 
spindle rear bush. 

The coupled axleboxes are fed at the crown 
from the engine oil mechanical lubricator, and 
this arrangement eliminates the use of the large 
multi-feed oil boxes previously fitted in the cab. 
The remaining feeds from the lubricator supply 
the slide-bars and the inside valve spindle cross- 
head guides. Small auxiliary oil boxes with 
trimming feeds supply the axlebox guides and 
the piston-rod swab-boxes. The connecting 
and coupling rods are, as previously, oil-lubri- 
cated, but the majority of the valve gear is lubri- 
cated by grease. 


SANDING GEAR 


As originally built, the locomotives had steam 
sanding for forward running applied to each 
coupled wheel. For backward running two sand- 
boxes were fitted to the front of the tender to 
give dry sanding on the rail between engine and 
tender. The sand-boxes for the leading coupled 
wheels formed a part of the smokebox, whilst 
those for the driving and trailing coupled wheels 
were disposed under the casing, along the side 
of the boiler. The leading sanding gear gave 
rise to difficulties and was subsequently removed. 

In the modified locomotive the leading sanding 
gear is restored and the sand pipes which for- 
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merly led to the trailing coupled wheels are 
reversed to provide sanding behind the driving 
wheels for rearward running. The sand-boxes 
on the tender have been dispensed with. Owing 
to the redesign of the smokebox and the removal 
of the casing it has been necessary to provide new 
sand-boxes. The leading boxes are placed on 
the platform adjacent to the rear end of the 
smokebox. The boxes for the driving pair of 
wheels are placed between the frames: a twin 
box ahead of the crank axle for the forward 
and a similar box behind the crank axle for the 
rearward sanding gear. These boxes have 
extensions to the foot-plating on each side of 
the engine for filling purposes. 


DRAWGEAR AND TENDER 


The drawbar which connects the engine to the 
tender is pin-jointed at the tender end to a plunger 
which slides in guides and is controlled by the 
drawbar rubber spring in such a way that the 
tractive force is cushioned by the spring. In 
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the static position the engine and tender ar 
held positively at their correct distance by curved 
rubbing blocks on the engine and tender dra 

beams. The curves are struck from the Prin 
lines of the corresponding drawbar pins, so tha 
any movement between engine and iender jg 
effected without additional loading of th, 
drawbar and spring. The rubbing blocks are 
faced with manganese steel to reduce wear. 


The superstructure of the tender has been 
modified by the removal of the side raves, ang 
compartments for the fire-irons are formed op 
each side of the coal bunker. A casing: is place 
over the vacuum reservoirs to prevent their 
becoming enveloped in coal. The rear portion 
of the tender top is flat and open so as to facilitate 
the manipulation of a water crane. The tank js 
provided with external feed sumps wit!i shut-of 
valves to enable the sieve contained in them to 
be removed and cleaned without the necessity 
for emptying the tank. A float indicator fo; 
water level is provided. 


High-Speed Five-Stand Tandem 
Cold Strip Mill 


No. I 


A new five-stand tandem cold strip mill installed at the Ebbw Vale works of Richard 
Thomas and Baldwins, Ltd., is designed to operate at a maximum speed of 5000 


feet per minute. 
gauge up to 38in wide. 


It is intended for reducing hot rolled steel strip down to tinplate 
The ingoing gauge of strip is up to 0-140in maximum, 


the minimum outgoing gauge being 0-006in. 


A PLANT development scheme to the value 
of some £12,000,000 was started in 1952 
at the Ebbw Vale works of Richard Thomas and 
Baldwins, Ltd., with the object of increasing the 
output of iron by 50 per cent, steel by 25 per cent, 
and of tinplate by 40 per cent. Several stages in 
the scheme have been completed and a further 
important part of the programme was the recent 
placing into production of a new tandem cold 
strip mill, which replaced the original five-stand 
mill of American manufacture. This new mill, 
which was built by the Davy and United Engi- 
neering Company, Ltd., of Sheffield, is designed 
for a finishing speed of 5000ft per minute and 
it is stated to be the fastest cold tandem mill at 
present operating in this country. When full 


Fig. 1—Entry side of five-stand tandem mill with strip 
through the mill. A second coil can be seen in the rota’ 


production is reached the mill will be capable of 
rolling about 10,000 tons of steel strip a week, 
The strip rolled ranges in width up to 38in, the 
ingoing gauge being up to 0- 140in and the output 
gauge down to 0-006in minimum. Strip can be 
handled in coils weighing up to 36,000 Ib. 

The new mill, from the entry and the exit ends, 
can be seen in the illustrations we reproduce on 
this page. Each of the housings of the mill 
consists of a steel casting which, in the fully 
machined state, weighs some 93 tons and has a 
post area of 870 square inches. The stands are 
spaced at 13ft centres and the pass line is arranged 
at 36in above floor level. Each of the 21in work 
rolls is carried in Timken four-row, taper roller, 
balanced proportion bearings. The top work 
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roll assembly of each stand of the mill is hydrau- 
jically balanced. Four 4}in diameter jack rams, 

in each balancing system, work in steel 
cylinders mounted in the chocks of the bottom 
work rolls, and the system is supplied from a 
main 1600 lb per square inch service. Means 
are provided for the internal cooling of the work 
rolls should this be found desirable. 

The high working speed of the mill has enabled 
the use of direct drive of the rolls from the 
motors, and the usual reduction gear drives have 
been eliminated. All of the electrical driving 
equipment for the mill was supplied by the English 
Electric Company, Ltd. With the form of direct 
drive adopted it has been found possible to set 
the stand centres closer together than would 
have been permissible with gear transmission : 
and also the motor armatures have been made 
to small overall dimensions. By arranging the 
motors in single, double and treble formation, 
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of the mill housings. These cabinets are hinged 
so that they can be swung clear of the inter- 
stand space and provide working space for the 
maintenance and adjustment of the mill. The 
cabinets are equipped with instruments which 
provide the essential range of working informa- 
tion, such as the main drive motor loads and 
speeds, the strip gauge and tension, ‘and so on. 
Switches and push-buttons for the actual control 
of the mill are mounted on the front of the 
cabinets. 

The mill has 53in diameter back-up rolls, 
mounted on “ Morgoil”’’ bearings carried in 
cast steel chocks. The top back-up roll assemblies 
are hydraulically balanced by means of four 
54in diameter jack rams working in cylinders 
mounted in the bottom back-up chocks. 

Screwdown gear is built into the roll housings 
on each stand, and consists of two 50 h.p., 
550/1650 r.p.m. motors coupled by a 24in dia- 


Fig. 2—Exit end of cold reduction mill with strip being wound on overwinding tension reel 


the inertia values have been kept low—which is 
of importance to ensure quick -acceleration to 
full speed after the strip has been threaded. 
Each of the stands is driven by direct-coupled 
motors through a pinion stand and spindles. 
On the first, second and third stands of the mill 
the spindles are spring balanced. On the fourth 
and fifth stands, where the spindle speeds are 
much higher, hydraulic balancing is used. 

The motor ratings, powers and speeds are given 
in the following table :— 

















Stand Motor Mill speed, 

feet per minute 
No. Hp. | R.p.m 

1 1 1750 90/255 495/1,400 

2 2 | 1750 125/304 688/1,667 

3 2 1750 200/445 1,100/2,440 

4 2 2,000 350/645 1,930/3,550 

5 3 1,834 | 500/910 2,750/5,000 








The mill motors are served by two I1kV, 
h.p. synchronous motor generator sets, 
and each stand set has its own separate generator. 
The motor room of the mill can be seen in one 
of the photographs we reproduce. In a control 
room adjacent to this motor room is the super- 
visory board for setting up the electric plant, for 
indicating and recording the various electrical 
quantities and for giving comprehensive alarm 
indication. Also in this room are the main 
contactor board and magnetic amplifier board, 
together with the motorised mill master control 
rheostat. Other motorised rheostats for the main 
motor fields and the main direct current circuit 
breakers for dynamic braking of the main motors 
are situated in a basement beneath the motor 
room. 
The mill operators control the electrical equip- 
ment from hinged cabinets built on to the side 





meter magnetic clutch. This drive is transmitted 
through double reduction gears and worm gears, 
having a total ratio of 1000 to 1, to give a range 
of screwing speeds between 0-22in and 0-66in 
per minute. Heavy cast steel make-up pieces 
are fitted between the 18in diameter mill screws 
and the top chocks to provide for the fitting of 
loadmeters, should it be required at some later 
date to measure the mill load by electronic 
means. In this screwdown gear the conventional 
involute tooth worm and wheel has been dropped 
in favour of a double-enveloping cone worm and 
wheel. It is claimed for the cone worm that it 
has a large instantaneous contact per tooth and a 
multiple tooth contact which gives a greater load 
carrying capacity at lower unit pressures. 
Porter bars are used for work roll changing 
purposes, but for the top and bottom back-up 
roll and chock assemblies, each weighing 42 tons, 
a hydraulically operated handling system has 
been installed. With this equipment hydraulic 
jacks are used and the assemblies are withdrawn 
from the mill on a cast steel sledge located 
between the bottom back-up chocks and the roll 
housings. The sledge is coupled to the piston 
rod of a hydraulic cylinder situated in an exten- 
sion of the roll changing pit beneath the mill 
floor. This cylinder is 12in diameter and its 
6in diameter piston rod has a stroke of 12ft. 
At the input end of the mill, coils are loaded 
by trucks on to a 33ft long power-driven slat 
conveyor, which can accommodate four 36,000 Ib 
coils and has an operating speed of 20ft per 
minute. From the conveyor, coils are passed 
one at a time on to an entry ramp on which a 
coil is held by an air-operated stop. On being 
released the coil moves on into a rotating rig, 
where it is turned to allow its leading end to. be 
drawn out and positioned over a deflector roll 
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mounted on the top of the following coil box. 
The hydraulic release of a stop plate then ejects 
the coil into the coil box which has two lower 
support rollers and three back rollers. The coil 
is centralised in the box by two hydraulically 
controlled revolving platens which can be preset 
to suit different coil widths by a stop and measur- 
ing device. These platens are faced with phos- 
phor bronze and fitted with idle roller inserts to 
protect the edges of the coil from damage when 
the platens move inwards. From the deflector 
roll above the coil box the leading end of the 
strip is fed into the first stand of the mill through 
a heavy entry guide. This guide is of swinging 
construction to facilitate roll changing, and a 
similar guide is fitted on each subsequent stand. 

Between each stand of the mili there is fitted a 
single-roll tensionmeter of Davy-United design, 
for the measurement of the interstand strip 
tension and at the delivery sides of stands Nos. 3 
and 4 there are double holding-down rolls 
which work in conjunction with these tension- 
meters. These holding down rolls serve a dual 
purpose. First, they steady the strip and damp 
out any vibration ; and they also control the 
whip of the tail end of a coil as it leaves the 
preceding stand. Secondly, the rolls serve to 
spread the palm oil sprayed on to the strip at 
these points and for this purpose spiral grooves 
are machined in the holding-down roller situated 
nearest to the mill stand, to give a quick rough 
spreading action and the following roller has a 
plain surface which spreads the oil evenly. 

Cobble guards are fitted on the outgoing sides 
of stands Nos. 2, 3, 4 and 5, and spray banks 
for applying roll coolant and palm oil to the 
strip are situated between all the stands. The 
mill is served by a complete fume extraction plant 
of Visco manufacture, driven by a 200 h.p. motor. 

On its exit from the last stand the gauge of the 
strip is checked by a flying micrometer located 
between two deflector rolls which serve to main- 
tain a constant passline for the strip to ensure 
accurate reading. At the exit end of the mill, 
strip is coiled on an overwinding tension reel, 
the initial laps being assisted by a retractable 
reel entry guide and a twin belt overwinding 
wrapper which is traversed up to and away from 
the reel by a hydraulic cylinder. 

The tension reel itself is of “‘ Klein” con- 
centrically expanding design, which is particu- 
larly suitable for coiling very thin strip under 
heavy tension. The reel has a diameter of 20in 
when expanded and is driven by a _ direct- 
coupled 900 h.p. motor. At the conclusion of 
its build-up a coil is stripped from the reel by an 
hydraulically operated stripping carriage incor- 
porating a stripper plate and elevator. After 
being traversed sideways to clear the reel, the 
elevator rises and the coil is automatically ejected 
sideways on to a delivery conveyor via a single 
stop delivery ramp. The delivery conveyor is, 
like that on the entry side of the mill, a power- 
driven slat equipment, and it is 29ft 3in long, with 
a speed of 30ft per minute. It has a capacity of 
five 36,000 Ib coils and a hydraulic lifting mecha- 
nism built into the conveyor is supported on a 
6ft square platform forming a weighbridge. 
This mechanism lifts the coil clear of the con- 
veyor and enables its weight to be recorded on 
an adjacent Avery scale. 

Two electro-hydraulic control desks, one at 
the entry and the other at the delivery end of 
the mill, govern the motions required for the 
operation of the auxiliary equipment. The desk 
at the entry end includes hydraulic controls for 
the coil rotating rig elevator and tilting motions, 
the latter being remotely controlled from No. 1 
stand, as well as electric controls for the entry 
conveyor, entry ramp stop, coil rotating rig and 
hydraulic pumps. The desk at the exit end of 
the mill contains all the hydraulic controls 
concerned for reel stripping, belt wrapping and 
coil weighing; the air controls of the coil 
delivery ramp stop, tension reel brake and 
deflector plate ; and the electric controls for the 
delivery conveyor hydraulic pumps,.and the 
sliding door to the safety cage which surrounds 
the belt wrapper and prevents access to the reel 
during coiling. 

A complete palm oil and roll coolant reclama- 
tion system has been laid down to serve the mill, 
which requires some 4000 gallons a minute for 
roll cooling purposes alone. 

(To be continued) 
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A Railway Bridge Repair 


A RECENT bridge repair carried out on the 
Western Region main line just outside Snow 
Hill Station, Birmingham, involved strengthening 
and prestressing a steel truss spanning 115ft. 
Livery Street runs parallel with the railway for 
some distance here, and then crosses over it at 
an acute angle. The first span of the bridge, 
which extends out to a steel trestle support in 
the centre of the four-line track, consists of the 
115ft truss with cross girders spanning from it 
to the retaining wall beside the railway, as shown 
in the illustration. The cross girders are under- 
slung from the bottom chord of the truss and 
are cantilevered beyond the truss to form a 
footpath. The bridge was built in 1906. The 
underside of the cross girders and in par- 
ticular the bottom chord of the truss had 
suffered severe corrosion. There had also been 
difficulty in keeping a good surface on the road 
because of movement between the thin layer of 
read metalling (less than Sin in places) and the 
fiat steel plate decking, which had been polished 
bright by the rubbing of the macadam. The 
whole of the decking was, therefore, rebuilt and 
the truss strengthened, road traffic being diverted, 
but rail traffic remaining uninterrupted during 
the work; clearances were insufficient to permit 
the erection of any temporary supports. Detailed 
examination showed the top chord and the web 
members, for the most part, to have been 
unaffected by the corrosion and in good condi- 
tion. So it was decided to strengthen the truss 
by prestressing the bottom chord after restoring 
the sectional area by the addition of steel flats 
welded to the vertical legs of the chord angles 
where corrosion had been the most severe, and 
to add portal frames for lateral stiffening span- 
ning the footpath and attached to the extremities 
of three pairs of the cross girders. 

After preliminary repair work, tension in the 
bottom chord of the main truss was reduced 
by a prestressing force of 230 tons applied 
through eight lin diameter Macalloy steel bars, 
positioned four on each side and anchored to 
massive welded mild steel brackets secured by 
high-strength bolts to the chord plates and 
flanges at points 3ft from each end of the girder. 
This arrangement is shown in the second illus- 
tration and other details of the strengthening 
may also be noted. One bar on each side of 
the chord was stressed simultaneously. The 
load applied to the first pair was greater than 
that applied to the next pair, which in turn were 
stressed more highly than the next, and so on, 
so that ultimately the load was the same on all 


eight bars. The bars were temporarily supported 
at intervals of 14ft throughout their length. 
As a result of the prestressing, the chord shortened 
tin, the sliding bearing moving by that amount 
on the bedplate on the retaining wall, and 
the camber of the girder increased by jin 
at the centre of the span, while corresponding 
changes in stress took place in the chords and 
web members. These changes of stress were 
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4ft 2in centres, they are pin-connected to new 
steel hangers passing through and bolted to 
the chord at points intermediate between the 
panel points of the truss—an arrangement which 
permitted this steelwork to be fitted clear of 
web gussets and prior to the removal of the old 
cross girders. The portal bracings giviny latera) 
support to the top chord are connectec: to the 
ends of three pairs of the cross girders near the 
middle of the span. The roadway, finis\ed with 
a 3in thick layer of rolled asphalt on concrete 
is carried on precast reinforced concrete jack 
arch units bedded on concrete askewba.:ks pre- 
cast on the bottom flanges of the cross girders 


Prestressing bars, showing anchorage and other details, for strengthening bowstring truss of 115ft span 


measured with electrical resistance strain gauges 
and were found to agree closely with those 
predicted by theory. Subsequently, the pre- 
stressing bars were wrapped in canvas and pro- 
tected with bitumen before being encased in 
concrete. 

The new cross girders, hog-back and all- 
welded, were placed in position by cranes operat- 
ing from the railway tracks below. Spaced at 


Prestressing the truss of Livery Street bridge. The original cross girders, stripped of decking and 
parapet, are still in position 


at the makers’ works. The footpath consists 
of a layer of asphalt on precast prestressed 
concrete planks 12in by 3in thick, spanning ; 
between a continuous shelf angle on the steel 
plate parapet and a channel stringer adjacent 
to the truss girder. All exposed steelwork under 
the bridge has been protected with a coating of 
“Ruberoid” compound applied direct to the 
steel. 

The bridge as originally built was designed to 
carry a 32-ton boiler trolley drawn by a 15-ton 
traction engine. The new decking and the 
strengthened truss have increased the capacity 
to 15 B.S. Units with a maximum axle load of 
22 tons. 

The scheme was under the direction of Mr. 
M. G. R. Smith, chief civil engineer, Western 
Region, at Paddington. The new steelwork, weigh- 
ing 47 tons, was fabricated and supplied by Jesse 
Tildesley, Ltd., of Willenhall, Staffs. The site 
work was carried out by railway labour under 
the direction of the district engineer at Wolver- 
hampton. 





EXTENSION TO RANGE OF ENGINES.—We are 
informed by Mirrlees, Bickerton and Day, Ltd., that 
the company has introduced an addition to its range 
of “‘ K ” engines, which were first produced in 1952. 
The current engines consist of three, five, six, seven 
and eight cylinder in-line units and a twelve cylinder 
vee engine, and the new model is a sixteen cylinder 
in-line engine designed to run at speeds between 
200 r.p.m. and 428 r.p.m. which will be available 
naturally aspirated (KV), pressure charged (KVS), 
and pressure charged with air coolers (KVSS). In 
all technical particulars, such as bore, stroke, brake 
mean effective power, maximum pressure, compres- 
sion ratio, mechanical and thermal efficiencies, &c., 
the new engines are the same as the KV12. The 
engine weighs 90 tons, has an overall width of 186in, 
an overall height of 128in naturally aspirated, and 
140in when pressure charged, while the respective 
lengths are 336in, 358in and 366in for the three forms 
of engine.. As a pressure charged engine with air 
coolers, the mark KVSS 16 develops 4128 b.h.p. 
at 428 r.p.m. 
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3000-Ton Press 


A press of 3000 tons capacity has been 
igstalled in a new press-building at the works of 
Rubery Owen and Co., Ltd., Wednesbury, for 
yse in the manufacture of side members up to 
32ft long for commercial road vehicles. This 
ress, which is of “ British Clearing ” design, was 
puilt by Vickers Armstrongs, Ltd., for the 


British agents, the Rockwell Machine Tool 
Company, Ltd., Edgware Road, London, N.W.2. 
For the installation of the new press, which 
weighs some 540 tons, a foundation pit 35ft 





THE ENGINEER 


upright end frame, of approximately 70 tons 
capacity. The total cushion capacity is, there- 
fore, approximately 884 tons at 100 lb per 
square inch. The cushions are provided with a 
“* Clearing ” hydraulic locking device. A bolster 
plate 10in thick is mounted on the top of the 
bed 


The upright members of the frame are pro- 
vided with four gibs for guiding the slide, the 
two rear gibs being flat and removable, whilst 
the front gibs, which have their working faces 
inclined at 45deg., are adjustable. 

A heavy welded steel box construction crown 





3000-ton press for blanking and afterwards forming side members up to 32ft long for commercial 
v 


road vehicles. 


deep, 42ft long and 27ft wide had to be excavated. 
Thirty-eight 30ft piles were then driven in the pit 
before a foundation incorporating 160 tons of 
concrete and 143,000 bricks was put down. 

The press as installed is illustrated on this 
page. It is a single-acting machine with a two- 
point suspension slide. It has a capacity of 
3000 tons at approximately bottom dead centre, 
but is also capable of exerting a force of 2000 
tons at a point 34in from the bottom of the 
stroke. The clear distance between the upright 
frame members is 300in, which permits the pas- 
sage of work 25ft wide, but openings are pro- 
vided in the end frames and the slide has exten- 
sion brackets which enable pressure to be 
exerted over a length of 32ft. The unobstructed 
dimensions of the bed are 68in front to back ; 
300in right to left. The slide, which has a 22in 
stroke, has an adjustment of 24in, and the 
shut height with the stroke down and the adjust- 
ment up is 46in from the bottom of the slide 
to the top of the bed. With an overall length 
of 32ft 8in, the press has an overall height from 
the underside of the cushions to the highest 
point of the crown of just under 47ft. 

The crown, bed, side frames and slide are 
fabricated in heavy steel plate, welded together 
and stress relieved. The side members are keyed 
to the bed and to the crown to ensure accurate 
alignment, and the whole construction is rigidly 
held together by four tie-rods 13in diameter, 
which, after completion of the erection, were 
shrunk to give a total tension load of approxi- 
mately twice the rated press capacity. 

The bed, which is 32ft 8in long by 7ft 8in 
wide, has five cross members which provide six 
Openings for the reception of die cushions. 
The pressure pads of these cushions are fitted 
with long bronze-lined sliding ways guided in 
the bed to prevent tilting. Each of these six 
cushions has a capacity of 124 tons at 100 Ib 
per square inch pressure. In addition, two fur- 
ther cushions are provided, one under each 


It is designed to make six strokes a minute, driven by a 150 h.p. slipring motor 


encloses the drive mechanism and all the gears. 
The eccentric gears which actuate the recipro- 
cating plungers connected to the slide rotate 
on the main pins, which are stationary and 
extend from the front to the back of the crown. 
The plungers are guided in long bronze bushes in 
the lower portion of the crown to eliminate 
transmission to the slide of side pressure resulting 
from the angular thrust of the eccentric straps. 
These plungers, in providing additional guiding 
means for the slide, ensure accurate parallelism 
between the slide and the bed at all points of the 
stroke. 

The slide ways are fitted with removable 
bronze wear strips and the slide is supported by 
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two massive steel forgings, on which there are 
fine buttress threads, working in bronze nuts, 
to provide adjustment of the slide relative to 
the bed. The slide adjustment mechanism is 
driven by a motor having a self-contained auto- 
matic brake which locks the mechanism after 
setting, and unlocks it when the slide adjustment 
push button is pressed. This adjustment mecha- 
nism embodies a safety device to prevent over- 
loading of the press. The slide is counterbalanced 
by air cylinders and is arranged for the fitting of 
cross bar knockouts. 

The press is designed to make six strokes a 
minute and is driven by a 150 h.p. screen pro- 
tected, slipring motor having an_ external 
resistance to allow for a slip of 8 to 13 at full 
load. The motor drives the flywheel through 
“V” belts and power is transmitted through a 
“* Tornadyne ”’ clutch. This clutch is controlled 
from an operator’s panel incorporating a selec- 
tor switch and push buttons to permit of inching, 
continuous or intermittent running. 





Heavy-Duty Double-Roll Crusher 


A FEW months ago British Jeffrey-Diamond, 
Ltd., announced that it was proposed to 
add a new range of heavy-duty double-roll 
crushers to the equipment made by the firm at its 
Wakefield works. Four sizes of these machines 
are being made, the smallest having 30in diameter 
by 36in wide rolls, and the largest 48in. diameter 
by 60in wide rolls. The first production model 
of the largest size machine was recently com- 
pleted and is illustrated on this page. It has been 
built for the Central Provinces Manganese Ore 
Company, Ltd., India, and is to be used for crush- 
ing schist rock in overburden for subsequent dis- 
posal by means of belt conveyors. The machine 
is intended for handling feed sizes of up to 48in 
by 36in by 24in and reducing it to 8in to 10in and 
below. The schist handled is particularly hard 
and the machine has a rated output of 150 tons 
an hour. The maker points out, however, that 
under other conditions depending upon the kind 
of material and required size of product, such a 
machine could be expected to have an output of 
up to 1300 tons an hour. 

The new machine weighs some 42 tons and its 
frame is a welded assembly of heavy steel plates, 
which are 14in thick on the sides, 4in thick at the 
ends and 3in thick on the base. Each of the two 
cast steel rolls is covered with cast manganese 
steel segments with integral teeth, and these seg- 
ments are bolted and keyed in position in such a 
way that they can be easily replaced when worn. 
These rolls are carried on 104in diameter shafts 
supported at each end by heavy bronze bearings 
on the outside of the side frames. 

The roll shaft bearings are carried in spherical 
mountings in heavy slide blocks supported 
between large solid steel guide bars fitted along 
the side of the machine. The guide bars, two at 
the bottom and one at the top on each side, are 
welded to side extensions of the end frames and 
do not take any of the stresses set up in the 





in wide rolls, driven by individual 150 h.p. - 
ist rock to 8in to 10in and below from feed sizes up 
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crushing operation. The bearing block mount- 
ings are so constructed that those on one roll 
provide ‘adjustment to vary the size of product, 
and those of the other roll incorporate an overload 
protection arrangement to prevent roll damage 
in the event of tramp iron or the like being fed 
into the machine. 

Each of the adjustable bearing blocks has 
a large diameter screw at its outer end and these 
screws pass through nuts welded in the frame end 
plate at each side of the machine. Hand- 
operated ratchet levers fitted to the ends of the 
screws are used to move the roll in its bearings 
along the guide bars to set it in respect to the 
fixed roll in accordance with the size of product 
required. This adjust- 
ment can be used to give 
a setting range from 4in 
to 16in between the rolls 
at the base of the teeth. 

For overload protec- 
tion the bearing blocks 
of the fixed roll are 
coupled by pivot 
pins and links to arms 
on a heavy shaft carried 
on brackets on the out- 
side of the end frame. 
A third arm fixed to the 
centre of this shaft is 
locked to the end frame 
by a shear pin. In the 
event of the rolls being 
overloaded fixed roll 
bearing blocks are forced 
back to break the shear 
pin by turning the shaft. 
The roll assembly can 
move back some 14in to 
relieve pressure on the 
rolls before it is brought 
to a halt by the bearing 
blocks contacting the end 
frame. To return the 
roll to its operative position a hydraulic jack is 
fitted between a bracket and the shear pin arm; 
as this jack is extended the bearing shaft is 
turned until the links have pushed the bearing 
blocks to their original position and sufficiently 
for the new shear pin to be inserted. On the 
smaller sizes of roll crushers overload protection 
is afforded by relief springs on the fixed roll 
bearing block assembly. 

Each of the roll shafts is driven through 
multiple vee ropes by a 150 h.p. motor. The 
adjustable roll driving motor is slide mounted 
for belt tension adjustment in accordance with 
the roll setting. The fixed roll belt drive centres 
are fixed but a heavy spring-loaded jockey pulley 
is fitted to prevent the belts flying off their pulleys 
in the event of sudden roll retraction when the 
shear pin breaks. All working parts of the 
machine are lubricated from a central pressure 
system. 

The sticky nature of some of the material to be 
handled by the crusher has made it necessary to 
drive the rolls at different speeds. For this 
purpose the fixed roll is driven at 157 r.p.m,, and 
an intermediate belt reduction is introduced in 
the drive of the adjustable roll to give it a speed 
of 80 r.p.m. With this differential roll drive and 
the capacity of the machine, it is capable of 
handling the whole of the overburden output 
without picking or seizing. 





Self-Contained Hydraulic- Feed 
Drilling Units 
A new series of self-contained, hydraulic-feed, 


drill units is now being made by James Arch- 
dale & Co., Ltd., Ledsam Street, Birmingham 


In one of these series, the “‘ No. 785” group, 
units are made in three types and are intended 
for single- or multi-spindle drilling, boring, 
reaming, milling or spot facing operations. 
They are designed to operate at any angle from 
30 deg. below the horizontal to the vertical 
position. These units are mounted on a range 
of sub-slides, beds and columns for use in multi- 
way and automatic transfer machines. 

The standard “ No. 785” unit is illustrated 
herewith; it is designed to cover all normal 
multi- and single-spindle drilling and reaming 
operations. A similar unit with an extension 


Standard drilling unit with hydraulic feed for m 
drilling and reaming 


THE ENGINEER 


to the head can be used for drilling opera- 
tions where it is required to drive spindles at 
widely different speeds in one attachment. 
The third model has an extended head for use 
in boring and milling operations, and in cases 
where a long slide guide is desirable, or where 
cutter overhang from the guide must be kept as 
low as possible. Each of the units has a designed 
drilling capacity of 2in diameter in mild steel 
or up to twelve jin diameter holes in mild steel. 

The flange-mounted a.c. driving motor fitted 
can be either of 5 h.p. (1450 r.p.m.), 3 h.p. 
(950r.p.m.) ; or 2h.p.(720r.p.m.). By changing 
gears the required spindle drive shaft speeds can 
be obtained—from 550 r.p.m. to 1535 r.p.m. 


operations 


with the 1450 r.p.m. motor ; from 354 r.p.m. to 
1006 r.p.m. with the 950 r.p.m. motor ; or from 
270 r.p.m. to 750 r.p.m. with the 720 r.p.m. 
motor. The standard feed pressure imparted by 
the hydraulic system is 3500lb and the feed 
rates are variable from zero up to 74in, 10in, or 
15in per minute with the 2 h.p., 3 h.p. or 5 h.p. 
motor drives respectively. Quick power traverse 
for rapid approach and return is provided and 
movements of the feed can be controlled either 
by hand lever or push buttons. Automatic feed 
cycle equipment giving rapid approach, feed, 
fast return and stop is fitted as a standard, 
whilst special automatic feed cycle mechanisms 
to cover all drilling and associated operations 
can be provided. The standard unit on a 42in 
sub-slide has a 15in stroke; the extended foot 
and the extended head models are each available 
on 49in or 56in sub-slides giving 15in and 22in 
strokes respectively. 

Another new product of the firm, for use in 
building up special pur- 
pose machines, is a self- 
contained hydraulic- 
feed, quill design, drill- 
ing unit which has a 
drilling capacity of tin 
diameter in mild steel 
and a feed stroke of 6in. 
Its spindle 1s bored to 
suit No. 1 or 2 Morse 
taper adjustable sleeves, 
and the quill can be ar- 
ranged for single spindle 
drilling or provided with 
a rectangular flange for 
the mounting of small 
multi-spindle attach- 
ments. 

This unit is fitted with 
a 2 hp. 1430 r.p.m. 
motor which drives the 
spindle and a hydraulic 
feed pump through vee 
ropes. The spindle and 
driving pulleys can be varied to give six speeds 
from 583 r.p.m. to 1900 r.p.m. The spindle feed 
rate is variable from lin to 18in per minute and 
the standard feed pressure exerted is 1250 lb. 
For rapid approach and return purposes a quick- 
power-traverse rate of 200in per minute is provided. 


April 13, 1956 


Three types of spindle head are availatle under 
the recently introduced “‘ No. 796” size “R» 
self-contained hydraulic feed drill units. These 
units can be used individually or collectively ang 
can be arranged for mounting at any ancle from 
30 deg. below the horizontal to the vertical 
They are driven by a 2 h.p. or a 3 h.}). motor 
through vee ropes and gears to give « single 
required speed, or through a six-speed gear box 
giving a wide range of speeds when ised in 
conjunction with different driving pulleys, 
When fitted with a fixed quill head for single. 
spindle drilling the unit has a capacity of I tin 
diameter in mild steel. An adjustable quill 
head with a single-spindle and autoniatic re. 


* lieving feed mechanism for deep hole drilling 


has a capacity of jin diameter ; if required an 
automatic torque control means can be fitted, 
When a multi-spindle attachment head is fitted 
the drilling capacity is four 4in diameter holes in 
mild steel. Alternative slides available with the 
units give strokes of 12in, 18in and 24in.. 





Rock Drilling Equipment 


AT a_ recent demonstration, Atlas Copco 
(Great Britain), Ltd., Wembley, Middlesex 
showed a number of rock drilling machines 
of new and improved design now being made 
by the firm. One of the new machines was the 
“BBD 41 WK” rock drill, which is designed 
for both benching and drifting and can be used 
equally well in soft and hard grounds in coal 
measure strata. Although built to operate with 
air at 85 lb per square inch, the makers state it is 
efficient at lower pressures. The drill has a bore 
of 2-95in with a stroke of l}in and at 3000 
impacts per minute it uses 113 cubic feet of air 
per minute on a 85 lb per square inch supply. 

The piston, rifle bar and chucknut of the new 
machine has rounded splines which provide a tight 
seating. and results in a long working life, 
Four rotating ratchets are fitted to give a smooth 
and effective turning movement to the drill and 
thus reduce the risk of binding and consequent 
crushing of the bit. A renewable bushing is 
fitted to the rotation chuck, and the drill steel 
holder has rubber buffers fitted instead of the 
usual springs. 

The standard drill is equipped with a single 
tube, but it can be fitted with a double tube for 
air blowing and water flushing. Control for the 
supply of air or water is arranged on the back- 
head, and an air/water control key, which 
operates two plunger valves, has three positions— 
water flushing, closed and air blowing. With 
this device the supply can be easily cut off or 
changed without other actions of the drill being 
affected. The makers state that trials with the 
drill have shown that it is capable of drilling a 
hole 45ft deep in metamorphic rock under 
thirty minutes. 

Another recently introduced machine is the 


Machine for roof bolting with its shank hammer and shanked hexagon 


nut socket adaptors 


firm’s “ BBD 45 WR” drill for roof bolting 
work which is designed for the three opera- 
tions of drilling the bolt hole, driving the bolt 
and tightening the nut on the bolt. This drill 
has right-hand down stroke rotation and its 
rotation chuck and chuck bushing are joined 
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together to give a better resistance to the torque 
when tightening a nut. Automatic water 
using is provided and a separate cock is fitted 
io the water hose to turn off the water when 
driving in a bolt, and running a nut. For bolt 
impacting and nut running, the machine is supplied 
with two adapters—a shank hammer and a 
shanked hexagon nut socket. The adapters 
which can be seen with the tool in the accom- 

nying illustration are available for the fitting 
of jin, tin and lin roof bolts. 

The firm’s new “ BBD 11 WH” rock drill is 
, modified version of a light jackhammer, which 
was introduced in 1953, and is adapted for such 
work as drilling for minor blasting on road 
works and in quarries. It incorporates a new 
packhead with a double-handed handle and a 
font head with a standard rotation chuck and 
spring steel holder. Its backhead is arranged 
for water flushing through a central tube and on 
starting the steel is flushed prior to impacting to 

revent dry collaring. 

A new kind of drill steel now available is stated 
to have much greater strength and longer working 
life than previous steels. This strength is achieved 
by subjecting the steel to anti-corrosive treat- 
ment which protects the outside as well as the 
flushing hole against corrosive attack. 





Cargo-Passenger Aircraft 


Since we published a preliminary account of 
the Frye “ F.1”’ on November 25, 1955 (page 
773), the name “‘ Safari” has been given to the 
aircraft, and six have been ordered by two air 
lines operating in Alaska. The illustration shows 
the version mentioned previously with Pratt and 
Whitney ‘“ Wasp ” “ Si HI-G ” engines, cooled 
by exhaust ejector effect—the exit orifices can be 
distinguished. Other power plants that can be 
used without altering the nacelle aft of the fire- 
wall are a seven-cylinder Wright ‘“* Cyclone” 
“R-1300,” 800 h.p. at take-off, a fourteen- 
cylinder Alvis “* Leonides Major,” 870 h.p., or a 
Lycoming “‘ T-53 ” turbo-jet. The gross weight, 
normally 37,000 Ib, can be increased when these 
engines are used by incorporating appropriate 
modifications at the assembly stage. The 
impression is of the aircraft with retractable 
landing gear, the housing of the nose-wheel unit 
being just visible under the nose : the main legs 
stow in the inboard nacelles. Each leg carries 
a pair of wheels and swings forwards and up to 
retract; hydraulic power raises the gear and 
cushions the gravity extension, braking and 
nose-wheel steering also being hydraulic. Alter- 
natively, the undercarriage can be fixed and 
faired, in which case the main legs together can 
carry two—or, for soft fields, four—low-pressure 
tyres. The fuselage has clamshell doors in the 
nose and rails run straight back along the 
39ft 6in cargo space to facilitate freight handling 
and stowage ; a winch can be fitted at the rear 
to draw pallets into place. There is also a 





The Frye “ Safari ’’ can be operated from small and unsurfaced airstrips 
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Radiant tube gas-fired furnace for case hardening and carburising components. 
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The furnace equipment 


includes an elevating loading table and a quenching gear 


freight door 8ft wide opening upwards in the 
port side. The hold is 6ft 3in high and the front 
entrance 7ft 10in wide. A bulkhead can end the 
cargo space and the rear of the fuselage be used 
for passengers, the interior furnishings coming 
in identical units of insulated panel, warm and 
cool air ducts, and overhead rack for carry-on 
luggage. The seats are also interchangeable, 
fitting three on one side and two on the other 
of the gangway. When an all-passenger role 
is intended, windows can be provided in the nose 
doors and a big curved bench for six persons 
set in the nose. A crew of two pilots and a 
stewardess is anticipated. Control is by fabric- 
covered conventional surfaces, with trim and 
balance tabs at the tail. With one engine out, 
but propeller not feathered, take-off over a 5Oft 
screen is accomplished in 2800ft at full load, 
and a landing is made in 1700ft. 





Heat Treatment Furnace 


A RADIANT-TUBE, gas-fired furnace for case- 
hardening and carburising small components 
has been built by Birlec, Ltd., Birmingham 24, 
and installed in the Greenock works of Inter- 
national Business Machines (U.K.), Ltd. It 
is designed to deal with 
11,000 pieces or more an 
hour, and the parts for 
treatment are packed 
in nickel-chromium alloy 
containers 12in deep. 
The furnace has in front 
of it an ante-chamber 
above a quench tank. 

A pair of gas-fired 
radiant burners are set 
on each side of the 
furnace chamber, and 
each burner fires into one 
limb of four U-tubes. 
This equipment is de- 
signed to give operating 
temperatures from 800 
deg. to 950 deg. Cent., 
with a maximum obtain- 
able temperature of 1000 
deg. Cent. The burners 
also generate the artificial 
atmosphere in: the 
furnace, a _ pre-deter- 
mined mixture of air 
and town gas being 
catalysed within the cen- 
tral tube of each burner 





to produce a carrier gas of low carbon dioxide 
content. Provision is also made for adding 
butane and ammonia to the carrier gas when 
required; the furnace is thus equipped for gas 
carburising and carbo-nitriding. 

As can be seen in the illustration of the installa- 
tion which is reproduced on this page, a special 
roller-topped loading table is set in front of the 
furnace ante-chamber. This table can be lowered 
by a hydraulic ram to facilitate loading of 
containers from a truck and raised to charging 
level. The container is pushed manually along 
the table through the ante-chamber into the 
furnace. At the end of the heating cycle a steel 
handle on the container is clipped to a chain 
coupled to a winding handle at the outer end of 
the table. The container is then drawn back 
on to the roller table of a lowering gear which 
forms the floor of the ante-chamber and the 
hauling chain is uncoupled. 

The lowering gear has two roller tables one 
above the other, and the heated container is 
drawn out on to the lower of these two tables. 
When the gear is lowered to immerse the container 
in the quench tank the upper table forms the 
floor of the ante-chamber, so that the furnace 
can be reloaded with another container whilst 
quenching proceeds. A slow cooling area is 
set above the ante-chamber, and, if required, a 
container can be raised into this chamber on 
the upper table of the lowering gear, whilst 
another container can be charged into the furnace 
on the lower table. 

Independently operated doors are fitted at 
the entry to the ante-chamber and between the 
chamber and the furnace. During the quenching 
operation the oil in the tank is circulated at high 
speed round the container and its charge. Auto- 
matic safety devices are fitted to shut the equip- 
ment down in the event of failure of gas or 
electricity supplies, or excessive heat within the 
furnace. 





Pump SEALS.—We are informed by Goodenough 
Pumps, Ltd., 70/72, London Road, Twickenham, 
Middlesex, that as from March 31st all pumps made 
by the firm are fitted with a double-ended carbon 
seal. These seals, it is claimed, will virtually eliminate 
the risk of pump breakdown due to leakage of the 
liquid being handled into the power unit. The 
spring-loaded seal operates within an oil reservoir 
which is kept “ topped-up ” to retain the efficiency 
of the seal. The seal is not in direct contact with the 


liquid being pumped and is not subjected to abrasive 
action from matters suspended in the liquid. The 
new seal and hub assembly is interchangeable with 
the assembly fitted on existing designs of the firm’s 
pumps. 


In our issue of April 7, 1865, 
there was published the accom- 
panying engraving, which was 
entitled ‘‘Lefroy’s Fuel 
Power.”” The engraving re- 
presents ‘‘a diaxial section of 
the furnace, boiler, air com- 
pressing and steam cylinders, 
in which it is proposed to con- 
duct, under high pressure, the 


the several gases, into which 
the fuel will be thus resolved, 
combined with that of steam 
generated in the boiler (instead 
of, as heretofore, that of the 
_ only), as the instrument 
oO 


saving of 90 or 95 per cent of 
this important element of the 
cost of artificial power may 
reasonably be anticipated.’’ 
Our article goes on to say 
“*this great economy is esti- 
mated as due to the greater 
rapidity of the combustion of 
the fuel, and to the great in- 
crease of mechanical power, 
which will result from the com- 
bustion of each unit of fuel.’’ 
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This engraving, reproduced 
from the issue of September 
22, 1865, shows a vacuum pan, 
receiver and condenser, as de- 
signed by Mr. N. P. Burgh, of 
London, for a sugar estate in 
Peru. The arrangement, the 
designer claimed, incorporated 
**such advantages as general 
practice will allow.’’ The de- 
scription, prepared by Mr. 
Burgh, reads ‘‘the dome, 
bottom, measure, and arm 
pipe are of copper, planished to 
present a fair exterior ; with 
relation to the bottom, the in- 
ternal part has received the 
finishing powers of the hammer 
rather than the exterior. The 
measure is of the ordinary 
kind, fitted with the customary 
cocks and gauge. The receiver 
and condenser are in one cast- 
ing ; the injection water enters 
the upper portion of the con- 
denser, and falls on a per- 
forated plate, thus causing a 
shower which effectually con- 
denses the steam. The handle 
and rod regulate the water 
admitted with a certainty of 
action. The handle seen below 
that for the injection relates to 
the stop discharge valve ; this 
valve is located in the bottom 
of the condenser, rather than 
outside the same in a separate 
casing. Direct action is thus 
ensured and economy and sim- 

plicity maintained.”’ 
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Payment for Night Work 


On Wednesday of last week, the Engineering 
and Allied Employers National Federation 
replied to various outstanding claims put to it 
py the Confederation of Shipbuilding and Engi- 
neering Unions. These claims were concerned 
with payment for work lost through sickness ; 

yment for a night shift not worked before a 
ublic holiday ; a pensions scheme for manual 
workers ; increased pay for skilled maintenance 
men ; double time for all night work and for all 
overtime on normal working days, and treble 
time for Sundays. These claims, as they stand, 
were rejected by the employers. They made an 
offer, however, to increase the present payment 
for night workers from time and a fifth to time 
and one-third, and to increase payment for night 
shift overtime from time and one-third to time 
and a half, for the first two hours. This offer, it 
is understood, was to be considered by the execu- 
tive of the Confederation at a meeting yesterday 
(Thursday). 

Another matter put forward by the unions was 
that there should be consultation between them 
and the employers when more than thirty hours 
overtime was worked in a four-week period. The 
Employers Federation, however, considered that 
this was a matter for individual managements 
to decide. The unions also made some represen- 
tations about joint consultation, at district level, 
on redundancy, and their views on this subject 
are to be given further consideration by the 
employers. Finally, the unions put forward a 
claim for pay increases for apprentices, boys and 
youths, which the Employers Federation under- 
took to consider. 


Profits and Profit Margins 


The annual meeting of Associated Electrical 
Industries, Ltd., was held on April 4th. At it, 
Viscount Chandos reviewed the company’s 
achievements during 1955, and, at the same time, 
commented on some more general industrial 
and economic matters. 

Lord Chandos referred, in this part of his 
address, to profits and profit margins. He said 
it had already become clear that the finance 
required by the great oil companies was far be- 
yond the capacity of the market to supply, and 
that the huge expansion programmes which 
most of them had in hand must be financed by 
retained earnings. He added that, in his opinion, 
the same would become increasingly true of large 
industrial companies. Lord Chandos went on to 
say that his company was thus interested to 
maintain profits for two reasons. First, so as to 
hold out hopes over each decade of increased 
dividends, thereby attracting new stockholders 
and giving the present stockholders a profitable 
investment ; and secondly, which was just as 
important or even more so, to be able to have 
retained earnings on at least the present scale, as 
the main source from which to finance the under- 
taking in this new industrial era. As far as pos- 
sible, of course, Lord Chandos emphasised, the 
maintenance or enlargement of profits should be 
by increased turnover and efficiency. 

The general trend in the electrical industry, 
Lord Chandos continued, which was towards 
higher turnover and narrower profit margins, was 
healthy. The industry did not want to see the 
profit margins unduly contracted for the very 
reason that upon the retention of those profits 
would depend very largely the ability to keep in the 
front rank of progress. The legal or artificial 
limitation of dividends, Lord Chandos asserted, 
was wholly unsound, although, on the other hand, 
Up-to-the-hilt distributions were against the 
interests of the nation and of industry. What 
was Tequired was to hold out to those who wanied 
t0 save or invest the possibility of increasing 
dividends, whilst at the same time retaining a 
very large part of the profits to assist in financiag 
expansion. 


Prices, Earnings and Productivity 

The Treasury has included in the latest issue 
of its Bulletin for Industry a series of charts 
showing, for the United Kingdom, the U.S.A., 
and Western Germany, the increase in consumer 
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prices in the first nine months of 1955, compared 
with 1950. A second set of charts show, for each 
of these countries, the increase in wage earnings 
and output per employee in manufacturing 
industry over the same period. 

It is shown by these charts that consumer 
prices in the United Kingdom have risen faster 
than in Western Germany and the U.S.A., in 
the first nine months of last year they were up 
nearly one-third on 1950, compared with about 
one-tenth in both Germany and the U.S.A. It 
is explained that the increase in the United 
Kingdom price index has been influenced by the 
heavy weight given to food prices, which are 
subject to special influences. Weekly earnings 
per wage-earner in manufacturing industry in 
the United Kingdom have risen about the same 
as in Germany, though faster than in the U.S.A 
In the first nine months of last year, they were 
rather more than two-fifths higher than in 1950, 
compared with an increase in Germany of around 
two-fifths, and in the U.S.A. of under one-third. 
Weekly output per employee in manufacturing 
industry in the United Kingdom has risen about 
the same as in the U.S.A., but more slowly than 
in Germany. In the first nine months of 1955, the 
increase over 1950 was about one-tenth for the 
United Kingdom and the U.S.A. ; for Germany 
it was nearly two-fifths. These trends in earnings 
and productivity, the Bulletin says, suggest that 
labour costs in manufacturing industry have 
risen more quickly in this country than in the 
U.S.A. and Western Germany. 


The Balance of Payments 


A White Paper (Cmd. 9731) has now been 
published setting out in as much detail as possible 
the United Kingdom’s balance of payments 
position in 1955. The tables included in this 
paper have been compiled for the most part 
from provisional estimates. By them, it is 
shown that last year there was a deficit on current 
account with all areas together of £103,000,000, 
which figure is composed of a deficit of 
£318,000,000 with the non-sterling areas and a 
surplus of £215,000,000 with the “rest of the 
sterling” area. The gold and dollar reserves 
fell by £229,000,000 and the sterling liabilities 
&c. by £166,000,000, giving for these two items 
together a net drawing on assets of £63,000,000. 
This, the White Paper says, is linked to the current 
deficit by a positive “* balance of investment and 
borrowing ”’ of £40,000,000. But recorded capital 
in this balance showed a net outflow of about 
£135,000,000, so that the balancing item was 
therefore positive to the extent of some 
£175,000,000. This is bigger than usual, it is 
explained, but small in relation to the annual 
turnover of the United Kindgom’s external trans- 
actions. 

The White Paper goes on to say that the 
deterioration in the United Kindgom’s current 
balance (including defence aid) with the non- 
sterling world started in the middle of 1954. 
The most significant part of it was in the balance 
of visible trade, imports rising much more 
rapidly than export earnings. Export earnings 
in the second half of 1954 were lower than they 
would otherwise have been, and those in 1955 
somewhat higher, by reason of the dock strike 
in October 1954. If allowance is made for this, 
the picture is one of a rapid worsening in the 
visible balance between the first half of 1954 and 
the second half, and thereafter a more gradual 
— deterioration down to the end of 
1955. 


Coal 


In the first thirteen weeks of this year, ended 
March 3l1st, the saleable output of coal in Great 
Britain amounted to 57,912,400 tons, compared 
with 58,770,600 tons in the corresponding period 
of last year. Production from the deep mines 
has fallen by just over 1,000,000 tons, while 
opencast output is 400,000 tons or so higher. 
It should be borne in mind in making a com- 
parison, howevr, that this year’s figure is affected 
by the beginning of the Easter holiday. In the 
week ended March 3ist, recognised holidays 
accounted for an estimated loss of 320,000 tons 
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in deep-mined output. On March 24th, colliery 
manpower totalled 705,100, of whom 287,700 
were face workers ; a year earlier the figure for 
total manpower was 708,000, of whom 290,700 
were working at the face. Coal imports in the 
first three months of this year, at 1,625,800 tons, 
were about 800,000 tons less than in the com- 
parable period of 1955. 


Work Study 


The Bristol and Bath Productivity Association 
has published a report entitled ““ What About 
Work Study ?” It sets out the results of an 
inquiry undertaken last year by a panel consisting 
of managers, technicians and trade unionists, 
and, without claiming to give any final answer, 
discusses the benefits to be obtained from, and 
the “ snags” to be avoided in, the application 
of work study. 

The report has something to say about the 
definition and scope of work study, and empha- 
sises the necessity for its use in British industry. 
It also comments on the benefits which can be 
derived. Here, the report notes, that by critical 
analysis, work study seeks out and corrects the 
inefficient use of plant, material and labour, 
thus establishing and standardising the best 
method of doing the job. In most cases, it is 
urged, the application of work study can give 
direct and quick results by bringing about the 
better utilisation of existing plant through minor 
additions and alterations. On a long-term 
basis, the report adds, work study can assist 
in the design of new buildings and in the selection 
and layout of plant and equipment. 

The report goes on to say that, when consider- 
ing its introduction, it is important for manage- 
ment to remember that there are some difficulties 
to be overcome at the initial stages if work study 
is to be successful and is to be established with 
a “ minimum of misunderstanding,” The danger 
to-day, the report declares, is that work study 
has become a popular catchword. Misplaced 
attempts to rush into it without a proper appre- 
ciation of what is involved may do untold harm. 
Work study, it is suggested, is a “ two-edged 
tool which must be used with skill and humanity.” 

The report can be obtained (price 3s.) from the 
Bristol and Bath Productivity Association, 34, 
Whiteladies Road, Bristol, 8, or from the British 
Productivity Council, 21, Tothill Street, London, 
S.W.1. 

Conditional Aid 

Nearly three years ago the Government 
announced the terms of an agreement with the 
United States Government about the setting up 
of the “‘ Conditional Aid Scheme.” Under this 
scheme, it was proposed to make grants to trade 
associations, bodies serving industry and agri- 
culture, research associations and universities 
to carry out projects for stimulating productivity 
and to throw light on sectors of the economy 
affecting industrial and agricultural efficiency. In 
addition, arrangements were also made for short- 
term loans to become available to firms to help 
finance improvements likely to lead to greater 


efficiency. Altogether, 9,000,000 dollars 
(£3,200,000) was made available to the United 
Kingdom. 


The Board of Trade has now published some 
particulars about how this money is being used. 
Grants have been made to associations rep 
senting a variety of this country’s industries. ] 
such grants are being devoted to the development 
of advisory work of one kind or another, 
coupled in some cases with training or with 
operational research. But, in general, of course, 
the Government takes the view that action to 
raise industrial productivity is primarily a matter 
for industry. Conditional aid provided an 
opportunity, however, for industry’s own efforts 
to be supplemented by enabling gaps to be filled 
in and services of a somewhat experimental 
nature to be launched. Conditional aid grants 
are, in fact, for the most part of a “ pump prim- 
ing’ nature. They must be judged, the Board of 
Trade points out, not so much by what they have 
achieved directly as by the convincing encourage- 
ment they may afford to industry to go on 
* doing likewise ”’ for itself. 
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Atomic Energy in France 

In a lecture given recently before the 
Energy Committee of the Conseil National du 
Patronat Francais, M. Ailleret, head of the 
studies and research department of Electricité 
de France, said that France hoped to build 
atomic reactors at the rate of one every 
eighteen months, gradually increasing the size 
of the units and improving their efficiency 
until an economical design of power plant had 
been developed. This scheme, which contrasted 
with the principle of an attack on a broad front 
adopted by Great Britain, was motivated by a 
reluctance to spend money on atomic installa- 
tions on the same lavish scale as was being done 
in the United Kingdom. The French need for 
additional energy was not as acute as the British. 
To meet the increasing demands for power, 
more coal and oil would certainly be required, 
while the expansion of hydro-electric capacity to 
its limits would take another twenty years. 

As regards the economy of atomic energy, 
there were still too many unknown factors to 
give a definite answer. Theoretically, the energy 
equivalent of one gram of matter was 24,000,000- 
kWh, so that one gram of U235 which, in 
undergoing fission, lost 1000th of its mass in 
the form of radiation, would be equivalent to 
24,000kWh. Natural uranium contained about 
0-7 per cent of U235, so that one gram was 
equivalent to 164kWh, or, with an efficiency 
of generation of 25 per cent, about 40kWh. 
This was still 10,000 times the amount available 
from the burning of coal. If a breeder reactor 
was used to transform the inactive U238 into 
plutonium, Pu239, 140 times more: energy would 
become available. In other words, depending 
on the degree of exploitation, natural uranium 
could be used to liberate from 10,000 to 1,000,000 
times as much energy as coal. 

While uranium minerals were widespread, 
deposits varied in content. Present world pro- 
duction amounted to some tens of thousands of 
tons, and the cost per kilogramme was of the 
order of 20,000 francs or about the same as that 
of silver. The cost of pure U235, on the other 
hand, was very high, owing to the difficulties of 
isotope separation. One kilogramme cost about 
10,000,000 francs, or twenty times the price of 
gold. For higher specific outputs and for breeder 
reactors, natural uranium fuel enriched with 
U235 was required. 

The French Atomic Commission had several 
years ago constructed the research reactor “‘ Zoe,”’ 
which had an available power of a few kilowatts. 
This was followed by the pile P.2 with a heavy 
water moderator, with a thermal output of 
2000kW which was, however, not utilised. 

In January this year the first industrial reactor, 
the G.1, began to operate at Marcoule. This 
consists of an assembly of 100 tons of uranium, 
surrounded by iv00 tons of graphite of the re- 
quired high purity. The pile is air-cooled at 
atmospheric pressure and designed to attain a 
temperature of about 220 deg. Cent. Designed to 
produce plutonium, it has a thermal output of 
40MW to 50MW. For the time being it func- 
tions at zero power for certain measurements 
to be taken, and to make it possible to re-enter 
the pile with safety should this be necessary. 
A power plant of SMW continuous rating (3 MW 
intermittent) is being constructed to utilise the 
heat output. As, however, the fans of the plant 
require about 8MW, the net output will be nil. 

The construction of the Marcoule power 
station is to be followed by that of the reactors 
G.2 and G.3 which will consist of uranium fuel 
and similar tonnages of graphite. They will be 
cooled by carbon dioxide under pressure, and 
will thus give a higher thermal yield. The plant 
is to be increased in large tanks of prestressed 
concrete in order to withstand the gas pressure. 
This design will function as a plutonium breeder 
like the G.1, but, in addition, will give 140MW to 
150MW of heat, with gas temperatures at 330 deg, 
Cent. The two reactors are planned to give an 
electric output of 30MW each within two years. 
Electricité de France, which is associated 
with the design, then intends to embark 


upon the construction of the E.D.F.1 reactor 
with the co-operation of the Atomic Energy 
Commission who will furnish the uranium, 
process the plutonium, and render chemical and 
consulting servicing in the nuclear field. It is 
planned to increase the working temperature 
of this installation to above 330 deg. Cent. 

As regards the possibility of using atomic 
heat directly, this introduces the difficulty and 
possible danger of siting the atomic station in or 
very near towns. Such schemes are also very 
costly. There exists, however, a project for 
heating an Arctic military base by this means, 
as well as the “‘ Adam ”’ district heating project 
of 64MW at Vasteras, Sweden (which is to be 
followed by a 100MW project “* Eve”’). 

It was still too early to say much about the 
eventual uses of atomic power. Much depended 
on the price at which such power could be 
generated, but everyone was still very much 
in the dark, especially as far as the future cost of 
fuel and the depreciation of the equipment was 
concerned. It seemed probable that atomic 
power stations would be used to carry the base 
load, with thermal and hydraulic plants to 
supply power at peak periods. Atomic power 
held great promise for the industrially under- 
developed countries. 


The Shortage of Engineers in Germany 


A memorandum concerning the expan- 
sion of the system of Ingenieurschulen (engineers’ 
schools) in Germany has been submitted by the 
Verein Deutscher Ingenieure (V.D.1.) to the 
Standing Committee of the Laender Ministers 
for Cultural Affairs. It points out the need for 
increasing the number of students’ places by 
50 per cent, due regard being paid to the correct 
siting of additional schools in the various parts 
of the country, and to the maintenance of the 
quality of instruction. 

As the V.D.I. make clear, a serious shortage 
of technical manpower exists to-day as the result 
of increasing industrialisation on the one hand 
and the effects of war and its aftermath on the 
other. Although no statistics as to the state of 
affairs are available at the present time, estimates 
made by the V.D.I. show that the shortage in 
the whole of industry amounts to about 12,000 
graduates and 37,000 non-graduate engineers 
(i.e. those trained at Ingenieurschulen). Another 
investigation, made by the mechanical engineer- 
ing industry, has shown a shortage in that 
branch of 7000 graduates and non-graduates, 
which when scaled up for the whole of industry 
amounts to 70,000 engineers. Some indication, 
according to the V.D.L., is also given by the fact 
that in the period 1950-54 the number of 
advertisements in the V.D.JI-Zeitschrift “for 
situations wanted ’’ has roughly doubled, while 
“ situations vacant ’’ showed a five-fold increase. 

In Germany, the training of engineers is 
undertaken by the Technische Hochschulen 
(technical universities), which have a bias towards 
applied scientific research and development, and 
the Ingenieurschulen (engineers’ schools), which 
lean more towards the practical aspects, such as 
design and production. While to-day all 
students seeking admission to the technical 
universities can be accommodated, this is not 
true of the engineers’ schools. For instance, 
at the beginning of last year’s summer term, 
about 6000 students sought admission to courses 
in mechanical or electrical engineering ; only 
about 2000 could be admitted. A similar state 
exists in other subjects, and altogether half the 
applicants have to be refused because of the 
shortage of teaching facilities. 

Apart from graduates and technicians, there 
are estimated to be some 145,000 engineers in 
the German Federal Republic and in West 
Berlin. But for war casualties and reduced 
training facilities during and after the war, a 
total of 65,000 students would have completed 
their training between 1940 and 1949. The 
actual figure is estimated to be only 28,000, 
leaving a deficit for these age-groups alone of 
37,000 engineers. The Verein Deutscher Ingen- 


ieure expresses the opinion that the system of 
engineers’ schools should be expanded by 50 
per cent within two years, so that the first 
additional students would complete their courses 
by 1960, and all present and foreseeable future 
demands could be filled by 1970. It is not 
thought that there will be any lack of applicants 
for places. 

The teaching in shifts and expansion through 
making use of temporary quarters is regarded 
as a short-term expedient which must not be 
perpetuated. New schools should be distributed 
according to population density and classes 
should not exceed thirty students, nor should the 
teaching staff exceed thirty at any one school, 

A memorandum submitted by the VD] 
to the Ministers in 1950, recommended a quad- 
ripartite structure of technical education jp 
which the Ingenieurschulen would rank between 
the technical schools (Fachschulen) and the 
technical universities. This was accepted by the 
Conference but has not been put into practice 
everywhere. Such a grading, it is thought 
would facilitate keeping a check on the standard 
of the training. Equipment, admission require. 
ments, objectives and duration of courses, and 
the composition of staffs should be laid down 
uniformly for the whole of the country. Non- 
university engineers are at present being trained 
at seventy-four institutions in the Republic and 
in West Berlin. The number may be higher, 
since many Fachschulen also run courses for 
engineers. All institutions or departments which 
undertake the training of engineers should be 
Officially listed and subjected to the general 
requirements which have been mentioned. They 
should be controlled by a joint commission of 
the Laender Ministers for Cultural Affairs and 
the Engineers’ Associations. The Ingenieur- 
schule is clearly separated from the university, 
and should be separated as sharply from the 
Fachschule. 

In a statistical appendix attached to the 
memorandum, the V.D.I. states that during 
1930-39 an annual average of 6100 students 
completed their courses at the Ingenieurschulen 
of the German Reich. The figure does not 
include training centres run by the army. The 
number of graduates fell during the war and 
afterwards the schools’ capacity was much 
reduced. After the schools had been rebuilt, 
the number of graduates remained approxi- 
mately constant at the maximum figure the 
schools were capable of training. From 1952-54, 
about 8650 graduates per annum left the Ingeni- 
eurschulen and those technical schools which 
run engineering courses. The totals are analysed 
in Table I. 


TABLE I—Annual Averages of Ingenieurschulen 
Graduates 





German 
Reich, 
1930-39 
(without 
Army 
schools) 


1810 
1360 





Civil engineering (Hochbau) 

Other civil engineering (Tiefbau, 
Kulturbau) 

Mechanical engineering 

Electrical engineering 850 

a Sere eee 320 


6100 


1760 











For the comparison, year 1934, the number of 
graduates (6100) stood in a ratio of | : 10,000 
to the total population (66:5 million). The 
comparable figures for 1954 are 8650 and 
50,000,000, giving a ratio of 1 : 5800. The total 
number of West German graduate engineers 
(Diplom-Ingenieure), engineers and technicians 
is 290,000. Among students completing their 
training, the ratio of graduate to non-graduate 
engineers is 1:3, and in industry, graduates, 
non-graduates and technicians are in the ratio 
1 : 3 : 2, giving overall figures for these groups of 
48,000, 145,000 and 97,000 respectively (the last 
group includes engineers who did not complete 
their final examinations). The distribution of 
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qudents of the various branches of engineering 
isshown in Table IL. 























TABLE II 

ee 

Technical | Ingenieur- | Ratio 

university | schuie 
oe 4, 6 
it engi Hochbav)... 550 2600 1:47 
Gul ein ng (Tie bau, cj} 620 | 1750 | 1:28 
i icalengineering... ... 63) 1700 1:2°7 
rictrical engineering ... ++. 61" 1320 1:2-2 
Other branches +++ vee eve a, 280 -- 
Pe spe. ose wee gsbeelbaag 2900 8650 | 1:3-0 
= 
If present trends continue, the number of 
duates and non-giaduaie engineers, may be 


to increase from about 194,000 to 213,000 
in 1970. If the Ingenieurschulen were expanded 
s suggested, this would give rise to an excess 
apacity after 1970. An increase in demand of 
oily about 400 engineers would, however, take 
yp the whole of this extra capacity within the 
following ten years. 


Centenary of Verein Deutscher Ingenieure 


The full programme of this year’s 
gntenary celebrations of the Verein Deutscher 
Ingenieure has now been published. The celebra- 
ions will take place in West Berlin from May 
(2th to 15th, and will be preceded by a meeting 
of V.D.I. members and a social evening on 
May 11th. On Saturday, May 12th, there will 
te given the following lectures :—‘ Natural 
Science and Technology ” (Professor R. Vieweg, 
Brunswick), “‘ Developments in Technology ” 
(Dr.-Ing. E. h. F. Bauer, Erlangen), “* Research 
and Development” (Professor A. Zinzen, 
DN.A.), “Atomic Energy” (Professor W. 
Finkelnburg, Erlangen), “‘ Importance of Mate- 
tials to the Development of Technology ” (Pro- 
fessor E. Schmid, Vienna), ‘‘ Problems of Process 
Technology Arising in the Production of New 
Substances”’ (Senator Professor K. Riess, 
Leverkusen), “* Design on the Basis of Model 
Tests” (Professor W. Peppler, Oberhausen- 
Sterkrade), “‘ Design of Light Structures ” (Pro- 
fessor L. Kirste, Vienna), and “‘ The Beautiful 
Technical Shape ” (Dipl.-Ing. K. Bobek, Berlin). 

On Sunday, May 13, the celebration itself will 
take place in the Ostpreussen Festival Hall at 
the Funkturm radio station. Professor M. 
Pfender will deliver the main oration, which has 
as its theme “‘ Man and His Technology.” In 
the evening there will be performances of Shaw’s 
“Cesar and Cleopatra’ and Offenbach’s 
“Orpheus and Euridice.” 

The final lectures on Monday, May 14th, will 
be “The Social Effects of Technology” (Dr. 
H. H. Kuhnke, Duisburg), “‘ The Laws of Living 
Matter” (Professor §. Strugger, Méiinster), 
“The Foundations of Production Engineering ” 
(Professor O. Kienzle, Hannover), ‘“* Materiel 
Flow—the Stage Which Precedes Automation ” 
(Dipl.-Ing. G. Kienbaum, Gummersbach), 
“Automation as a Technical and Social Task 
of the Engineer and the Entrepreneur ” (Works 
Director A. Steeger, K6In-Deutz), “* The Engineer 
and Eeonomics ” (Dipl-.Ing. H. Jakopp), “‘Train- 
ing for Management ”’ (Dr.-Ing. E. h. G. Schlicht, 
Hamburg), and “‘ Value and Protection of the 
Engineer’s Creative Achievement” (Dr. W. P. 
Radt). In the evening there will be a farewell 
social gathering. 

Visits and sightseeing tours are being arranged 
for May 14th and 15th, and throughout there 
will be a full programme for the ladies. Details 
are obtainable from Verein Deutscher Ingenieure, 
Diisseldorf, Prinz-Georg-Strasse 77. 


European Federation of Chemical Engineer- 
ing 
The European Federation of Chemical 
ering was founded in 1953 and at present 
Comprises twenty-four member societies from 
thirteen countries, In 1955 the Federation held 
its first congress in Frankfurt/Main, which was 
attended by 12,150 visitors from fifty-three 
different countries. Below we give details of 
orthcoming important events which the Federa- 
tion will organise with the co-operation of tech- 
nical and scientific societies in the chemical 
engineering and equipment fields. 
From June 7 to 8, 1956, the thirty-first annual 
congress of Dechema-Deutsche Gesellschaft fiir 
es Apparatewesen, will be held in 
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Frankfurt/Main. The leading theme will be 
“ The Basic Principles of Chemical Engineering 
as Applied to Chemical Reactives on a Large 
Scale.” The ninth meeting of the European 
Federation of Chemical Engineering will also 
be held during this period. 

The Process Engineering Section of V.D.L— 
Verein Deutscher Ingenieure, Dusseldorf ; the 
Plant and Equipment Section of V.D.M.A.— 
Verein Deutscher Maschinen Bauanstalten, 
Frankfurt/Main, and the Society for Process 
Engineering Research, Cologne, are holding the 
annual meeting of Process Engineers in Hamburg 
from October 1 to 3, 1956. The tenth meeting of 
the European Federation of Chemical Engineer- 
ing will also be held during this period. 

In Paris there will take place a “‘ Symposium 
on Special Themes ”’ from November 22 to 24, 
1956, in connection with the Chemical Engineer- 
ing Convention held on the occasion of the 4th 
Salon de la Chimie, Du Caoutchouc, et des 
Matiéres Plastiques, which will be held during 
the period November 22nd to December 3rd. 
This event will be organised by the Société de 
Chimie Industrielle, Paris. During the same 
period will be held the eleventh meeting of the 
European Federation of Chemical Engineering. 

Next year, a symposium on a special theme 
will be organised by the Koninklijk Instituut van 
Ingenieurs and the Koninklijk Nederlandse 
Chemische Vereniging (Royal Society of 
Engineers and Royal Dutch Chemical Society) 
both of The Hague). This is to take place in 
the spring. An autumn meeting will be held in 
Ziirich under the auspices of the Swiss Society 
for Chemical Engineering and Industry, the 
Society of Swiss Chemists, and the Swiss Society 
of Engineers and Architects. 

The second congress of the European Federa- 
tion of Chemical Engineering is scheduled for 
May 31 to June 8, 1958, the preparations being 
in the hands of Dechema and the Société de 
Chimie Industrielle, Paris. The congress will 
be in Brussels and will be held in connection 
with the Achema Chemical Apparatus and 
Equipment Congress and Exhibition, 1958, 
which is to be held in Frankfurt/Main. 

During these events in 1957 and 1958, will also 
be held the twelfth, thirteenth and fourteenth 
meetings respectively of the European Federation 
of Chemical Engineering. 

Electricity in Europe 

In a booklet published recently by the 
International Union of Producers and Distribu- 
tors of Electrical Energy (Unipede)* the question 
of international exchanges of electricity within 
the European systems is discussed. The author 
concludes that existing problems are well within 
the scope of present procedure. These were 
mainly concerned with Austria and with the 
Rhineland lignite deposit. The only large- 
scale international problem was that of Yugo- 
slavia which was considered to be essentially 
of a political nature. 

It is pointed out that international networks 
are not new; that, e.g. Eastern France was 
connected with Belgium, Germany and Switzer- 
land, before being connected with the Paris 
region. Vorarlberg had been connected with 
Germany before being joined with the Tyrol. 
Northern Denmark had been joined with Sweden 
for a long time but was not yet connected with 
the rest of the country. A continuous network of 
220kV now stretched from Hannover to Naples, 
and from Nantes to Vienna, and superimposed 
on this was a 380kV network agreed upon by 
the suppliers to supplement the 220kV net where 
required. 

The chief reason for not having a European 
electricity community on the same lines as the 
Iron and Steel community was that electricity was 
by nature a service rather than a merchandise. 
If supplies were to be on an economical basis, 
customers could not be offered a choice of 
suppliers. Electricity itself could not be stored, 
and its raw materials, coal or water, only to a 
limited extent. 

There was no “ pools problem ’”’ in the sense 
which existed in the iron and steel field. The 
best utilisation of existing interconnection has 
been examined by U.C.P.T.E., the Union for 
the Co-ordination of Production and Trans- 


* “ Pools and and European Electrical Economy.’’ October, 
1955. Unipede: 12, Place des Etats-Unis, Paris (16-). 
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mission of Electricity, which has examined day- 
to-day problems of operating existing inter- 
connections. The chief obstacle to international 
exchanges of electricity, Unipede maintains, 
is due to currency restriction, and this has 
been taken up with the governments concerned, 


Transportable Hydraulic Slotter 

Our accompanying illustration shows a 
transportable hydraulic slotter which has been 
developed by Ateliers de Menpenti, 104, Avenue 
de Toulon, Marseille. For cutting keyways in 
heavy workpieces such as ships’ propellers and 
electric motor and generator rotors, it has the 
important advantage that the workpiece need 
not be moved or set up on a machine tool. The 
No. 2 model, with a bar of 260mm diameter, 
permits the slotting of keyways up to 1-5m long 
and 130mm wide, in cylindrical or conical bores 
of 300mm to 600mm diameter. 

It is stated that the setting up of the slotter is a 
simple operation, which can be carried out with 
great accuracy. Cutting is done on the down- 
ward stroke, while during the upward return 
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The hydraulic slotter here shown is a self-contained 
unit for the machining of keyways up to 
1500mm by 130mm in cylindrical or conical bores 


stroke the cutting tool is relieved. The groove 
is produced accurately to size with a fine surface 
finish and does not require any subsequent hand 
operations. One of the machines is reported to 
be in constant use at the firm’s works for the 
machining of propellers of up to 7m diameter. 


International Conference on Light Alloys 

It is announced that the third Inter- 
national Conference on Light Alloys will be 
held at Leoben, Styria, from June 7-9, 1956. 
As at the previous conferences in 1934 and 1948, 
the object will be to give a survey of the present 
stat: of development of light alloys. Leading 
experts from Europe and from U.S.A. and 
Canada will take part and will lecture on the 
following topics: light alloys in the national 
and in world economy, metallurgy of aluminium, 
magnesium and titanium and their alloys, tech- 
nology of light metals, metallography and 
physics, and development of light metals. Fur- 
ther details are to be announced later. Those 
interested should write for information to the 
o isers, Montanistische Hochschule, Institut 
fiir Metallkunde, Leoben/Styria. Austria. 
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Progress of the Tennessee Valley 
Authority 


BY OUR AMERICAN EDITOR 
No. ll--(Concluded from page 313, April 6th) 


T= unbroken experience of twenty-two 
years in the construction of dams and large 
steam power stations produced important 
contributions to the engineering art. For ex- 
ample, a number of T.V.A. steam power 
stations are built to be expanded by the addition 
of new units. End walls of a temporary design 
must therefore be erected in the power stations 
so that they can be removed when the building 
is enlarged for new generating equipment. At 
the same time a part of the end wall, 280ft long 
and extending 20ft below the ground surface, 
must be rugged enough, in the case of the 
Gallatin plant, to resist full pressure in case of 
high water. On previous projects, this section 
has been built of concrete, expensive to install 
or remove. Appreciable economy was accom- 
plished at Gallatin by building the lower part of 
the end wall with steel bulkheads, which were 
available principally as surplus from completed 
hydro-electric projects. The bulkheads are 
braced with steel struts and are strong enough to 
resist all water pressure ; at the same time, they 
may be easily removed and reused for new end 
walls when units are added. : 

T.V.A. developed an improved design for 
curtain walls for the John Sevier steam power 
station to replace the conventional masonry 
curtain-wall construction. Considerable savings 
resulted as well as other advantages. The same 
design is also being used at Gallatin. The 
new design consists of sections of aluminium 
bolted together to form the framing for glass, 
metal, or porcelain panels, doorways, louvres 
and other openings. The wall can be erected 
more rapidly than conventional walls, can be 
taken down and reconstructed in different panel 
arrangements, and offers a variety of oppor- 
tunities for pleasing architectural treatment. At 
the John Sevier and Gallatin sites, outdoor 
facilities were being designed for storing the 
hydrogen supply for the generators with less 
danger to personnel and equipment. The 
arrangement will not only reduce the explosion 
and fire hazard but also reduce the time and 
amount of handling in the day-to-day main- 
tenance of the hydrogen system. The hydrogen 
will be piped from the outside facilities to the 
generators. 

A total of 588 circuit-miles of transmission 
lines and 990,943kVA of sub-station capacity 
were added to the system during the fiscal year. 
This excludes capacity added at generating plant 
switchyards to step up the voltage of energy for 
transmission. The major 154kV facilities under 
construction during the year involved the trans- 
mission connections for the Colbert, John 
Sevier and Gallatin steam power stations. As 
the year began, work was well under way on 
the Colbert connections and was completed 
about mid-year. Work on the John Sevier plant 
connections continued through the year and 
work on the Gallatin installations began in the 
autumn of 1954. 

During 1955 the emphasis in the expansion of 
communication facilities was placed on the 
addition of microwave radio circuits. This has 
been found to be the most economical means 
of providing a group of long-haul trunk com- 
munication circuits for such purposes as tele- 
metering, pilot relaying, teletype, facsimile and 
supervisory control. Three new microwave 
links were placed in service during the year— 
one with thirty circuits between Chattanooga 
and the Chickamauga dam ; one with thirteen 
circuits between Chattanooga, the Kingston 
plant, and Knoxville, and one with ten circuits 
between the Wilson dam and the Colbert plant ; 
these added 1380 miles of circuits. Three more 
links, between Nashville and the Shawnee plant, 
Knoxville, and the John Sevier plant, and 
Nashville and the Gallatin plant, were nearing 
completion at the end of the year. Eight 


unattended sub-stations were placed in operation, 
supervisory control being exercised from attended 
substations over either power line carrier or 
telephone line carrier channels. 


FLoop CONTROL 


Under the T.V.A. Act, the Authority operates 
thirty major dams and reservoirs primarily for 
controlling floods and promoting navigation, and 
for producing hydro-electric power “so far as 
may be consistent with such purposes.”’ These 
basic requirements, however, by no means 
exhaust the usefulness of the water controlled by 
the integrated system of T.V.A. The reservoirs 
provide improved and more ample supplies of 
water for cities and towns. They furnish process 
water for industries, such as chemical manufactur- 
ing and papermaking, and for condenser ccoling 
water in steam-electric generating plants. The 
lakes are dotted with cruisers, sailing boats, and 
fishing craft operating from scores of private 
docks and resorts and many public parks along 
the 10,000 miles of shorelines. The waters yield 
millions of pounds of sports and commercial 
fish annually, and their expanse supports the 
propagation of wildfowl. Water management 
has been the most important factor in the control 
of the malaria mosquito and in the virtual 
stamping out of malaria in riverside areas where 
it once prevailed. 

On the average, S5lin of rain falls annually 
on the 41,000 square miles of the Tennessee 
Valley watershed. Nearly half of it runs into 
the streams, over the surface of the land, or 
through underground water channels. From 
January to April, when run-off is heaviest, the 
streams are generally full and may rise at times 
to turbulent flood heights, threatening damage 
all down the Tennessee Valley and on into the 
lower Ohio and Mississippi. In other seasons, 
late summer and autumn, rainfall is less and 
run-off usually much less and, unmanaged, the 
streamflows would dwindle. 


Rainfall in the fiscal year 1955 was below 
normal in six of the first seven months and 
run-off was below normal for all seven months. 
These months were part of a three-year period 
of sub-normal rainfall and run-off, which began 
in April, 1952. The moisture deficiency made 
it necessary to operate the system principally 
to conserve water for use over long periods to 
make it possible to carry the power load without 
prematurely depleting the stored water. Usually 
rainfall and run-off increase sufficiently by 
January Ist to take care of the necessary power 
and navigation uses and to permit storage to 
begin. However, this year the drought continued 
during the month of January. At the beginning 
of that month, the tributary reservoirs had already 
been drawn down well below the required flood- 
control levels. Further withdrawals from storage, 
made necessary by power requirements, brought 
most of the reservoirs to exceptionally, and in 
some cases, critically low levels. Nevertheless, 
operations were successful in providing sufficient 
water to meet basic needs until rains in February 
brought relief. The last five months of the fiscal 
year showed considerable improvement, with 
above-normal rainfall and run-off in February, 
March, April and May. In the three months 
beginning with February, rapid storage of water 
brought rising reservoir levels, some of them going 
temporarily above the guide curve during a flood- 
control operation in March. At the end of the 


‘year, all reservoirs except Fontana and Watauga 


had been filled to reasonably high levels, generally 
higher than at the end of the previous 1 year. 
At the beginning of the 1955 fiscal year, T.V.A. 
had 6,190,000 acre-feet of useful water in storage, 
of which 80 per cent was in the tributary reser- 
voirs and three mainstream reservoirs on the 
Tennessee above Chattanooga. At the end of 
the year, the reservoirs held 6,880,000 acre-feet 
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of useful water, an increase of 690,00 acres, 
or 11 per cent, and 82 per cent « 
was upstream from Chattanooga. 

An intense storm during Marci create , 
moderate flood, threatening damaye along th 
Tennessee, particularly at Chattanoga ara 

* Os Bie ° 8 ] and In 
the lower Ohio and Mississippi asins, The 
unregulated flow would have reached sta 
of 35-8ft at Chattanooga, near! 6f¢ shor 
flood stage. Regulation by the T.V.A. ea." 
limited the actual stage to 22-5ft, a : 
more than 6ft, avoiding a flood -<age at that 
city. Regulation of the flow through the 
Wilson and Pickwick Landing reser /oirs reduce4 
the flood crest by 4ft at Savannah, Te 
Without regulation, the run-off peak from the 
Tennessee flood would have reached Pad 
Kentucky and Cairo, Illinois, at the same time 
as the crest of a moderate flood on the lower 
Ohio and Mississippi Rivers. In CO-Operation 
with the U.S. Army Corps of Engincers, T.y.4 
regulated the flow at the Kentucky dm to reduce 
the Cairo crest by 0-8ft and the Paducah creg 
by a little more than a foot. These reductions 
averted estimated direct damage of 580,099 
dollars. The operations this year brought the 
total damage averated by the T.V.A. flood-contro} 
syst.m to 59,846,000 dollars since 1936, when the 
first reservoir at Norris was placed in operation, 
Cumulative flood expense, including depreciation 
amounted to 29,500,000 dollars at the end of the 
year. T.V.A. now operates its multiple-purpos 
river control system under guide curves which 
call for flood storage space amounting to at least 
11,802,900 acre-feet on January Ist each year, 
10,399,700 acre-feet on March 15th near the end 
of the flood season, and 2,473,900 acre-feet 
as a minimum during the late summer and 
autumn. 

The city of Chattanooga took no action 
during the year toward the construction of the 
supplementary levee system which both the 
T.V.A. and the Army Corps of Engineers have 
asserted is necessary to give the city fully adequate 
flood protection. The T.V.A. system is capable 
of preventing significant damage during most 
floods. A great flood, however, like that of 
1867, the largest known at Chattanooga, would 
cause damage in terms of millions of dollars in 
spite of the use of all the flood-regulating capacity 
of the T.V.A. system. Flood records on com- 
parable streams show that it is necessary to plan 
protective works for larger floods than that of 
1867. The recommended levee system, in com- 
bination with the T.V.A. reservoirs, would make 
the city safe against a flood 50 per cent greater 
than that of 1867. 

The multiple-purpose dams and reservoirs 
are designed and operated to provide regional 
control of floodwater on the Tennessee and its 
major tributaries. They cannot, of course, 
protect communities on upstream watersheds 
or in the danger spots on smaller streams feeding 
the river. A recent general review of local flood 
conditions indicated that about eighty com- 
munities are subject to flood damage in various 
degrees. T.V.A. encourages such communities 
and their States to recognise the flood problems 
and to seek their solution. By 1955, more than 
forty communities had requested assistance from 
T.V.A. through their State planning agencies, 
and the Authority so far has made and presented 
flood studies covering eleven communities in 
four States. 

The reports contain a complete flood history 
and storm study to determine the maximum 
flood which may reasonably be expected. They 
include maps outlining areas inundated, profiles 
showing flood heights, and other pertinent 
data. These reports are making the com 
munities more conscious of their flood problem 
and in several instances have already proved 
extremely valuable. At Lewisburg, Tenness¢t, 
co-operative action by the city, the Federal 
Housing Administration and the Veterans 
Administration, using data from the T.V.A. 
flood report, prevented two subdivisions from 
opening in areas subject to flooding. Had the 
subdivisions been opened as planned, twenty 0 
more houses would have been flooded with a 
much as 5ft of water during the flood of March, 
1955. At Kingsport, Tennessee, the city planning 
commission refused to approve one subdivision 
on the basis of flood data obtained from the 
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A. At Maggie, North Carolina, planning 
‘raicians revised their land use plan to recog- 


, the flood hazard as outlined by T.V.A. 
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RIVER NAVIGATION 


The commercial use of the waterway provided 
the T.V-A. multiple-purpose system continued 
steady and rapid increase of the past few years. 
eliminary figures of the Corps of Engineers 
towed that 1236 million ton-miles of com- 
ercial traffic moved on the river during the 
siendar year 1954. This was an increase of 21 
vet cent over 1953 and five times as much as in 
jf o45, the first year in which the 9ft channel was 
wailable from Paducah, Kentucky, to Knoxville, 
ff . The estimated ton-mileage for the 
fst nine months of calendar year 1955 was 1162 
rillion, @ 27 per cent increase over the same 
period of 1954. us 
Several new commodities moved on the river 
juring 1954, among them aviation petrol, 
, flour, newsprint, peanuts and wood 
dips. Some commodities moved to new 
{stinations, such as asphalt and lumber to 
Knoxville ; molasses to Decatur, Alabama ; 
inc slabs to Huntsville, Alabama ; fuel oil to 
Calhoun, Tennessee, and coal to the Colbert 
geam power station. Construction was begun on 
two new grain terminals at Chattanooga and 
one at Knoxville, and existing facilities were 
expanded at Decatur and Guntersville, Alabama. 
Other concerns expressed interest in water-front 
sites, and there was considerable evidence of 
interest in new movements of mid-western 
grain to supply the growing dairy, poultry and 
livestock industries in Alabama, Georgia and 
Tennessee. Altogether, construction was started 
by private companies on nine new river terminals 
for handling specific commodities such as grain, 



















action chemicals, iron and steel and pulpwood, and 
of the ten other terminals were expanded or improved. 
h the Asriver traffic has continued its steady increase, 
s have the inadequacy of the antiquated locks at the 
equate | Wilson dam has me more apparent. In 
apabke @ order to pass the Wilson dam, tows must run 
most a gauntlet of three sub-standard‘ locks. The 
iat of & first is lock and dam No. 1, 2-5 miles below 
would ® Wilson dam, which has a lock chamber 60ft 
ars in by 298ft and a maximum lift of 10ft. At Wilson 
pacity @ dam proper, they pass through two locks in 
com- @ tandem with a total lift of 90ft ; the lower lock 
) plan ® chamber is 60ft by 300ft in size and the upper 
iat of & one is 60ft by 292ft. The proposed new lock at 
com- & the Wilson dam would have a single lift of 100ft 
make §& with chamber dimensions of 110ft by 600ft, the 
reater same size as the locks at the Kentucky and 

Pickwick Landing dams. Improved channel 
voits (f approaches to the new lock will eliminate lock 
ional | and dam No. 1. 
id its A traffic study at the Wilson dam during a 
urse,  forty-three-day period last year recorded 135 
sheds § towboats pushing a total of 440 barges through 
eding the three locks. The average time per tow for 
flood navigating the three locks and the sub-standard 
com- channel approaches, excluding the running time 
rious # for the 24-mile stretch, was five and a quarter 
nities # hours. Nearly all of the 135 tows could pass the 
lems (new lock in a single “‘ lockage”’ requiring less than 
than one hour’s time, and saving an average of nearly 
from four and a half hours per tow. T.V.A. continued 
oe design work on the lock during the year. 
nte 
$ in MALARIA CONTROL 

The Authority’s measures for the control of 

tory malaria in its reservoir areas continued to be 
num # effective. The U.S. Public Health Service and 
They the State health agencies co-operate with T.V.A. 
files in a malaria surveillance programme which in 
nent 1950 replaced the regular surveys based on blood 
om samples. Not a single case of malaria traceable 
— to T.V.A. reservoirs was found. This was the 
sixth successive year in which no case of malaria 
of local origin was found in areas where 30 per 
eral cent of the population previously was afflicted. 
rn Continued control measures are needed, however, 
“\ & since a recurrence of malaria in the Valley is 
“ possible. Water-level management, in which 
| : fluctuation of lake levels is used to curb the 
“a breeding of malaria-bearing mosquitoes and to 
m destroy mosquito larve, is the mainstay of the 





control programme, and twenty of the twenty- 
eight lakes involved in the programme required 
no other measures during the year. Among 
supplementary measures, T.V.A. uses three 
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helicopters for spreading larvicides in mosquito- 
breeding areas, and 9000 acres were so treated 
in 1955. In 1953, 20,000 acres were larvicided 
and in 1954, 11,500 acres. Other techniques 
employed include the control of plant growth on 
reservoir margins. Permanent shoreline improve- 
ments, including dyking and dewatering some 
areas and deepening or filling others, were com- 
pleted in 1954 and this has resulted in a sig- 
nificant decline in annual field operation costs. 
Some 13,600 acres were involved in the per- 
manent shoreline improvements. Collateral 
benefits from the improvements include a better 
agricultural use of the shoreline lands and 
benefits to wildfowl development. Several of 
the dyking-dewatering projects are on Federal 
refuge or State conservation areas where they 
may be used for the production of food for 
migratory wildfowl. 


PoweR GENERATION 


Although poor water conditions persisted 
for the third straight year and streamflows 
during the first seven months of the fiscal year 
were at a near-record low, the hydro-electric 
plants of the system generated 13,700 million 
kWh, an increase of 900 million kWh over 1954. 
Hydro-electric generation, however, was still 
about 3000 million kWh less than that expected 
in a year of average water conditions. The run-off 
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Fig. 8—Comparison of electric power sales of the 
T.V.A. in 1950 and 1955 


from the watershed above Chattanooga, which 
largely determines T.V.A. hydro-electric genera- 
tion capability, was the lowest of record in a 
period of eighty-one years for the seven months 
ending with November, 1954. This period 
included the first five months of the fiscal year. 
The dry weather, combined with the rapid growth 
of the A.E.C. loads and the delays in the delivery 
of new steam-electric generating units, created 
many difficult operating problems. Some of the 
power that would have been supplied from 
generating units at Shawnee and Kingston, had 
those units been completed, was delivered to the 
A.E.C. through the T.V.A. transmission system 
from various sources. Critical loading on trans- 
mission lines at times prevented the most desirable 
utilisation of available sources of steam-electric 
and purchased power or prevented their being 
used altogether. This was especially true in the 
eastern part of the system serving Oak Ridge. 
For several months, as a result of this abnormal 
situation, it was necessary to generate more power 
at certain hydro-electric plants than otherwise 
would have been desirable. These deficiencies 
in both energy and capacity were extremely 
serious. By February 5, 1955, water in many of 
the storage reservoirs was used down to the 
lowest operating levels of record, and the energy 
in storage was less than 5 per cent of the storage 
capacity. Heavy rains that began early in 
February, 1955, brought material improvement 
in these conditions. During flood regulation 
operations in March, high tailwaters below the 
dams reduced the hydro-electric generating 
capacity by about 400MW. After the flood, 
water was spilled from some of the reservoirs 
rather than being used through the turbines in 


1950 1955 
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order to free storage space for the control of a 
possible flood immediately following. During 
the last five months of the fiscal year, the run-off 
was 13-9in—the median being 12-9in. 

The T.V.A. steam-electric plants, generating 
nearly 29,000 million kWh during the year, 
consumed 11,981,000 tons of coal. As large 
efficient generating units were added to the 
system, the average amount of coal needed to 
produce a unit of electricity declined. The 
average for the year was 0-841b, or 10,062 
B.Th.U. per net kilowatt-hour generated, com- 
pared with 0-87 lb, or 10,362 B.Th.U. per kilo- 
watt-hour in 1954. The average rate for fuel- 
burning plants in the United States in 1954 was 
0-99 Ib, or 12,200 B.Th.U. per net kilowatt-hour 
generated. The cost of the coal burned at T.V.A. 
power stations averaged 18-31 cents per million 
B.Th.U., 5 per cent less than in 1954. The fuel 
statistics for the principal T.V.A. stations in 1955 
were as follows :— 








Short tons | Cost in B.Th.U. Cost in 
Steam power of co cents per | per kWh | mills per 
station consumed | million net kWh net 
B.Th.U. | generation | generation 
burned 
Colbert ... ... 431,633 18-68 9,819 1-834 
Johnsonville ...| 2,550,471 17-83 10,136 1-807 
ingston... ... 2,315,007 18-95 9,638 1-826 
Shawnee... ... 3,198,387 17-19 9,721 1-671 
WattsBar_ ...| 746,996 19-43 11,315 2-199 
Widows Creek) 2,423,498 18-81 9,821 1-847 

















(One mill=0-001 dollar.) 


The gross power revenues of T.V.A. were 
188,163,000 dollars, an increase of 40 per cent 
over 1954. Expenses amounted to 140,262,000 
dollars, this was a 33 per cent increase over 1954, 
It was less in proportion to the increase in revenue 
because hydro-electric generation was more 
favourable and large amounts of economical 
steam capacity recently added to the system 
were available to supply the increased loads. 
This reduced the need for high-cost steam 
capacity and purchasing power from neighbour- 
ing utilities. Consequently, the net operating 
income increased nearly 70 per cent to 47,901,000 
dollars. This represented a return of 4} per cent 
on the net average investment of 1,130 million 
dollars in the T.V.A. power system. The net 
investment figure includes the average capital 
investment in completed power plant, plus 
allowances for power inventories, general plant 
used in the power programme, and working 
capital. The return of 44 per cent compares 
with a return of 3} per cent for the previous 
fiscal year. For the twenty-two years T.V.A. 
has been in existence, the average annual return 
on the power investment has been a little over 
4 per cent. 


INTERNATIONAL INTEREST 


It is of interest to note that more than 1700 
persons from seventy foreign countries came 
to the Tennessee Valley during the fiscal year 
1955 to study the varied aspects of resource 
development represented in T.V.A. Most of 
them were engineers and technicians, labour 
leaders, editors, writers and students, but they 
included a number of leading Government 
officials. The board of directors of the Auto- 
nomous Regional Corporation of the Cauca, 
chartered by the Republic of Colombia to under- 
take a T.V.A.-like development of the Cauca 
River Valley, inspected T.V.A. installations. 
The Prime Minister of Burma, U Nu, examined 
virtually every major phase of T.V.A., including 
dams, a farm, and a steam power station, and 
conferred with operating personnel during an 
intensive visit. He commented afterward : 
“IT am most interested in T.V.A. because we 
have similar problems in Burma. Our three big 
rivers flood every two or three years and cause 
great damage. But I am most impressed by 
the possibilities of projects such as the T.V.A. 
and especially by what it can do for the people.” 

The larger share of the foreign visitors came 
from countries in the underdeveloped parts of 
the world where the balanced and unified 
development of resources is a major national 
problem and where assistance by the United 
States is a national policy. A survey during 
the year showed that twenty projects either under 
construction or proposed in various parts of the 
world follow much of the T.V.A. pattern. 
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Personal and Business 


Appointments 


Mr. R. Kem WATSON has been appointed an 
executive director of the Plessey Company, Ltd., 
Ilford, Essex. 

A. A. JoNEs AND SHIPMAN, Ltd., Leicester, states 
that Mr. K. J. D. Marshall has been appointed chief 
planning and methods engineer. 

Mr. G. H. Ross has been appointed manager of 
the Scottish branch office of Cantie Switches, Ltd., 
248, West George Street, Glasgow, C.2. 

Mr. E. R. Newens, A.M.I.C.E., has been appointed 
assistant district engineer (modernisation), Stratford, 
in the Eastern Region of British Railways. 

MEASURING INSTRUMENTS (PULLIN), Ltd., Winches- 
ter Street, Acton, W.3, states that Mr. W. T. Shelton 
has been appointed chief development engineer. 


Mr. G. B. HALLey is to become managing director 
of The Wallsend Slipway and Engineering Company, 
Ltd., in succession to Mr. J. B. Kerr who is retiring. 


Mr. C. H. T. JoHNsON, commercial director of 
Decca Radar, Ltd., has been elected chairman of the 
Radio Communication and Electronic Engineering 
Association. 

Mr. ALAN E. CrRAwForD has joined Brush Crystal 
Company, Ltd., Hythe, Southampton, to take charge 
of a new research laboratory for the development of 
piezoelectric materials. 

THE DONOVAN ELECTRICAL ComPANY, Ltd., 70-82, 
Granville Street, Birmi , 1, states that Mr. 
F. N. Dalman, M.LE.E., chief engineer, has been 
appointed technical director. 


Mr. S. F. STEWARD, group managing director of 
Lancashire Holdings, Ltd., has been 
appointed chairman of Lancashire Dynamo and 
Crypto, Ltd., in succession to Mr. H. W. Bosworth. 


THe Mrmnistry OF Supply states that Air Vice- 
Marshal J. Marson has succeeded Rear-Admiral 
S. A. Pears as president of the Ordnance Board. 
Rear-Admiral H. S. Walkey has been appointed vice- 
president (naval) of the Board. 


COLONEL NorMAN Berry has relinquished his 
appointment with the Armoured Fighting Vehicle 
Division, Ministry of Supply, and has become chair- 
man and managing director of Etbts. Bergey, 185, 
Boulevard de la Madeleine, Nice. 


THE BriTIsH TRANSPORT COMMISSION has announced 
the following appointments to the central staff of 
British Railways: Mr. J. W. Caldwell, senior 
instructor (mechanical engineering), Staff Training 
College, Derby ; Mr. H. J. M. Couper, materials 
inspection officer, C.M.E.’s department, Derby. 

Mr. C. D. PALFREYMAN, A.M.I.E.E., has been 
appointed to an executive post in the electrical 
power branch of the Snowy Mountains Hydro- 
Electric Authority. He served his apprenticeship 
with the British Thomson-Houston Company, 
Ltd., and since 1937 has been engaged at the B.T.H. 
switchgear works at Willesden. 


ASSOCIATED COMMERCIAL VEHICLES, Ltd., states 
that Mr. A. J. Romer is relinquishing the post of 
managing director of A.E.C., Ltd., to become director 
of engineering and development of the group. Mr. 
Romer has resigned from the board of A.E.C., Ltd., 
but will remain on the board of the parent company, 
and has joined the board of A.C.V. Sales, Ltd. 

G. AND J. Wem, Ltd., Cathcart, Glasgow, states 
that Hon. J. K. Weir has relinquished his position as 
joint managing director to enable him to devote all 
his time to the chairmanship of the Weir group of 
companies. Mr. J. Russell Lang has been appointed 
sole managing director of G. and J. Weir, Ltd. 
Sir Charles Connell, chairman of Charles Connell 
and Co., Ltd., has been appointed an additional 
director of G. and J. Weir, Ltd. 

CLAYTON DEWANDRE COMPANY, Ltd., Titanic 
Works, Lincoln, states that Mr. S.'H. Edge has 
relinquished his position as chief engineer and joint 
assistant general manager to become consultant 
(automotive vehicles) to the company. Mr. D. H. 
Ballard has been appointed chief engineer (vacuum 
and air), Mr. F. H. Heacock, chief engineer (hydrau- 
lics), Mr. H. Jeffrey, assistant chief engineer (hydrau- 
lics), and Mr. G. A. Jeffrey, assistant chief engineer 
(vacuum and air). 


HoLmMAN Brotuers, Ltd., announces the appoint- 
ment of Mr. W. B. Tozer as manager of the home 
counties branch. He will continue his present duties 
as London manager, both offices functioning at 
44, Brook Street, W.1. Mr. Tozer’s new appointment 
follows the retirement from the home counties branch 
managership of Mr. George Pengelly. Mr. Pengelly 
has been in the company’s service for forty years, 
and has been home counties branch manager for the 
past twenty-one years, 


Business Announcements 


BritisH OPTICAL AND PRECISION ENGINEERS, Ltd., 
. " be known in future as Rank Precision Industries, 
t 


Hicu Duty ALLoys, Ltd., Slough, has acquired 
the gravity and pressure die cast foundries operated 
by Renfrew Foundries, Ltd. 

VEASEY AND SHARPLES, Ltd., has now moved into 
a new factory, Hawthorn Tree Works, Broad Lane, 
Coventry (telephone, Coventry 66827). 

BritisH INSULATED CALLENDER’S CABLES, Ltd., 
has moved its Sheffield branch to 87, Spital Hill, 
Sheffield, 4 (telephone, Sheffield 24251). 


THe British OxyYGEN Company, Ltd., has 
announced the retirement of Mr. W. W. Watt, who 
has been a managing director since 1938. 


INTERNATIONAL HARVESTER COMPANY OF GREAT 
Britain, Ltd., has announced plans for building a 
new parts warehouse at its Doncaster works. 


Puiips ELECTRICAL, Ltd., has opened a new show- 
room and lighting demonstration centre at Century 
House, Shaftesbury Avenue, London, W.C.2. 


SHARPLES CENTRIFUGES, Ltd., is building new 
offices, a development laboratory and factory on the 
York Town Trading Estate, Camberley, Surrey. 

CLARKSON (ENGINEERS), Ltd., has opened a new 
stockroom and office at 241, Westgate Road, New- 
castle upon Tyne, 1 (telephone, Newcastle 2-5248). 


BRIGHTSIDE HEATING AND ENGINEERING COMPANY, 
Ltd., has moved its Manchester office to 105-107, 
Princess Street, Manchester, 1 (telephone, Central 
4377). 


THE RoyAL AGRICULTURAL SOCIETY OF ENGLAND 
has moved to 35, Belgrave Square, London, S.W.1 
(telephone, Belgravia 5323; telegrams, “ Practice 
Wesphone London ”’). 


AUTOMATIC TELEPHONE AND ELECTRIC COMPANY, 
Ltd., and MARCONI’s WIRELESS TELEGRAPH CoM- 
PANY, Ltd., have made an agreement for co-operation 
in the telecommunications field. 


Mr. T. H. WinDIBANK, M.I.E.E., has retired from 
the board of Crompton Parkinson, Ltd. He has been 
associated with the company for thirty-three years 
and has been a director for the past seventeen years. 


Mr. W. J. SOMMERVILLE has retired from the post 
of London manager of the Fraser and Chalmers 
Engineering Works of The General Electric Company, 
Ltd. He has been in the company’s service for 
thirty-six years. 

J. STONE AND Co. (DeptrorD), Ltd., Deptford, 
London, S.E.14, has acquired exclusive rights for 
the manufacture and sale in the United Kingdom of 
the “‘ Mekydro”’ power transmission system developed 
by Maybach-Motorenbau, G.m.b.H. 


Crorts (ENGINEERS), Ltd., Bradford, has opened 
new branch offices at 47-49, Derngate Chambers, 
Northampton (telephone, Northampton 3560), and 
at Room 4a, Majestic Chambers, Campbell Place, 
Stoke-on-Trent (telephone, Stoke-on-Trent 44930). 


A.E.I. Lamp AND LIGHTING ComPANy, Ltd., has 
been formed to market the lamp and lighting products 
of the British Thomson-Houston Company, Ltd., 
The Edison Swan. Electric Company, Ltd., and 
Metropolitan-Vickers Electrical Company, Ltd. 


J. A. CRABTREE AND Co., Ltd., Walsall, states that 
its London office and stores have been moved to 
230, Tottenham Court Road, W.1 (telephone, Lang- 
ham 6756). The company’s Manchester office has 
been moved to Lincoln House, 16, Lloyd Street, 
Manchester, 2 (telephone, Blackfriars 7387). 


BABCOCK AND WILcox, Ltd., is forming a materials 
handling division which will co-ordinate the various 
functions hitherto performed by separate depart- 
ments. This new division will begin its work in 
June and will be accommodated at Lynton House, 
Tavistock Square, London, W.C.1 (telephone, Euston 
4321). 


PrrELLI-GENERAL CABLE Works, Ltd., has formed 
a special section in its overhead lines department 
which will be responsible for overhead traction 
equipment for railway electrification. An agreement 
made recently with Brown, Boveri and Co., of 
Mannheim, provides for the free exchange of tech- 
nical information between the two companies. 


THe BristoL AEROPLANE ComPpANY and the 
United States General Dynamics Corporation an- 
nounce that the joint engineering examination of the 
project for a 500 m.p.h. aircraft with four “ B.E.25” 
engines (this column, December 2, 1955) has con- 
cluded with a mutualiy satisfactory design specifica- 
tion. Initial design and development on the aircraft 
will be undertaken by Bristol in the United Kingdom. 


Miscellanea 

EXTRUDED PIPES AND CONTAINERS.—Two 
ago Thomas De La Rue and Co., Ltd., deg} hee 
concentrate the whole of its production facilities f 
extruded products in its Cavendish Works, Buckhoig 
Road, London, S.W.18. This works is now Producing 
three main types of extrusions—ciecar Cellulose 
acetate containers ; a variety of tubes and pj 
ranging from capillary tubing in polytiiene, cellu 
acetate and other thermoplastic materials, to j - 
trial piping up to 12in diameter for chemi 
rosive fluids, cold water, &c. ; and heavy rod stock 
for tool handles in cellulose acetate butyrate, 
the recently developed plant of interest is a con. 
tinuous production line for the manufacture of clear 
cellulose acetate containers. This line, produc) 
100 containers a minute, is served by only three 
operators and an inspector ; it can be a 
make containers up to lin diameter and from 2in 
to 6gin long. 

NortH East Coast INSTITUTION oF 
AND SHIPBUILDERS.—On February 10th, A, D 
Newman, B.Sc., presented his paper, “ Bearings for 
Marine Geared Turbines” before the North Bay 
Coast Institution of Engineers and Shipbuilders 
In the paper the prime requirements of bearings for 
marine geared turbines, reliability and i 
are considered and it is shown that the correct choice 
of length/diameter ratio and clearance ratio is essen. 
tial to attain these requirements. It is also indicated 
that, for the conditions which occur in most marine 
turbine and gearing bearings, relatively short beari 
with length/diameter ratio between two-thirds and 
one-third and clearance ratios between one and 
two thousandths of an inch per inch diameter give 
the best results. Bearing and shell materials are 
discussed, the advantages of high-tin white metal as 
a bearing material being shown and the relative 
merits of non-ferrous and ferrous shell materials 
considered. The best general design is thought to be 
one of thin white metal in a steel shell which may be 
of normal thickness or of thin shell pattern. Opera. 
tion for a short time after failure of the lubricating 
oil supply is considered to be involved as part of the 
reliability requirement of a bearing. The short- 
comings of present bearings in this respect are noted 
and an improved design which overcomes them is 
described. 


INSTITUTE OF MARINE ENGINEERS.—Two papers 
were presented before the Institute of Marine 
Engineers on Tuesday, February 14th, namely: 
“* Some Considerations of Wear in Marine Gearing,” 
by W. H. Darlington, M.B.E., M.Sc. (Eng.), and 
“Some Teething Troubles in Post-War Reduction 
Gears,”” by S. Archer, M.Sc. The first paper deals 
with design, manufacture and operation of three sets 
of marine double reduction gears, having a tooth 
loading indicated throughout by a Lloyd’s K value 
of 120. The first two sets of gears, it is stated, hada 
transient wear problem, associated with the dedenda 
of the second reduction pinions and wheel, which 
cured itself on continued operation, while the third 
set was fitted with hardened and ground pinions buta 
soft main wheel, and had no wear problem. Investi- 
gations of lubrication, surface stresses, torsional 
vibration and manufactured profile are given and 
it is mentioned that shaving as a post-hobbing pro- 
cess gives accurate and consistent profiles which 
produce quiet gears. The surface layers are stressed 
in the process, but it is stated that it is not known 
whether this stressing contributed to the wear 
experienced. Running-in to produce a good suitable 
surface finish is thought to be of increasing importance 
with the more highly loaded gears which are not 
hardened and ground. The second paper mentions 
that the advent of the high-powered “* super tanker 
has brought the subject of reduction gearing to the 
forefront and has stimulated concern for accuracy 
of manufacture and service reliability. However, 
teething troubles and failures do occur and the 
paper indicates that their potentially serious econo 
mic consequences emphasises that there is room !or 
improvement in manufacture, design, materials, 
testing and operation. Attention is drawn to 4 
number of gearing troubles and probable caus 
are suggested, together with precautions for their 
avoidance, while statistics of recent troubles art 
tabulated and analysed. Appendices set forth the 
simple kinematics of involute tooth action and the 
calculation of surface compressive stresses in hel 
gear teeth, and there are notes on the effect on tooth 
contact of operating temperature difference between 
pinions and wheels and the calculation and measure 
ment of gear tooth undulations resulting from 
periodic errors in gear hobbing machines. Another 
appendix deals with a. pro formula for the 
calculation of nominal bending fatigueJstresses 00 
helical gear teeth. 
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British Patent Specifications 


invention is communicated from abroad the name and 


. When an 


ymmunicator are.prihted in italics. 

se {snot illustrated the specification is without drawings. 

st given is the date of application ; the secoi le, 

py eo "he abridgment, is the date of publication of the 

« te specification. Copies of speci ications may be obtained 

he Patent Office Sales Branch, 15, Southampton Buildings, 
«3 Chancery Lane, W.C.2, 3s. each. 


METALLURGY 


October 27, 1953.—THE ADDITION OF 
MAGNESIUM TO IRON, The Mond Nickel Com- 
pany, Ltd., Sunderland House, Curzon Street, 

ndon, W.1. 

Pag fact that magnesium can cause the graphite 
in grey cast iron to assume the spheroidal form is 
now a matter of common knowledge. According 
to the invention a a fee of iron richer in 
ium than is required is produced by introduc- 

ing the magnesium into the molten iron in a closed 
vessel, and this iron is then mixed with iron to which no 
magnesium has been added. By using a closed vessel 
any substantial loss of magnesium is avoided. Refer- 
ring to the drawing, a steel drum A lined with silicon 
carbide B is mounted to rotate about a horizontal 
axis. For this purpose rods C fixed to the ends of the 
drum are laid in semi-cylindrical bearings D, one of 
the rods having a square end for a handle FE. A 
charging opening F is made in the drum, and a lid 
G is provided. The inner surface of the lid is lined 
with refractory material, and a hook H, of a metal 
of very high melting point, is secured to the inner 
surface of the lid. A graphite ring J serves as a 
packing between the lid and the drum. The lid has a 
stem K in a threaded opening in a yoke L spanning 
the opening. The yoke with the lid is detachable 
from the drum, and has flanges M which can engage 
in sockets N formed by steel lugs welded to the drum. 
Engagement is effected by turning the yoke. In 
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operation the magnesium to be added to a charge of 
molten iron is first wrapped in thin sheet iron which is 
tied by a thin iron wire. The ladle and the lid and 
yoke are both preheated in a furnace, say, to 400 deg. 
Cent., and then a charge of molten iron is introduced 
into the drum through the opening up to the level 
of the line shown. The magnesium package is then 
hung on the hook by the loop of wire, and the yoke is 
put over the charging opening so that the M 
come into register with the sockets N. The yoke is 
then turned to position the lid and a handle on the 
stem is turned to force the lid hard against the packing 
ring. This action closes the drum and lowers the 
magnesium package, but the package remains above 
the line of metal. The drum is then turned through 
180 deg. by the handle so that the magnesium package 
is immersed in the molten iron. As a result of the 
rotation the whole of the inner wall of the drum is 
swept by the molten metal and its temperature is 
raised above the condensation point of the magnesium. 
In consequence the magnesium vapour in the free 
space in the drum will not condense on the drum 
wall, whether or not the drum is turned in either 
direction from the position in which the charging 
opening F is lowermost. This is very important, 
since it ensures that the magnesium remains in the 
vapour phase until it is absorbed by the molten 
metal, and there is no loss of magnesium by 
condensation on the inner walls of the vessel. As an 
example, 40 kg of cupola iron of low sulphur content 
(0-02 per cent S) were poured into a ladle of the 
kind shown in the drawing, and when in the drum had 
a temperature of 1330 deg. Cent.; 160 grammes of 
¢lementary magnesium wrapped in sheet iron was 
then attached to the lid and the drum was closed. 
drum was then rotated for thirty seconds and a 

lest specimen cast from it. The main contents of the 
were then charged into a heated ladle of 

100 kg capacity and 40 kg of hot iron from the cupola 
added. Finally, the mixed irons were inoculated with 
00 grammes of Fe 75 per cent Si and cast. The 

Magnesium content of the specimen cast before the 
mixing of the two irons was 0-234 per cent and the 
sulphur content 0-008 per cent. This specimen con- 
tained little free graphite, but about 70 per cent of 
that was spheroidal. The final castings contained 
“08 per cent magnesium and 0-012 per cent sulphur. 

were grey with a matrix consisting of from 10 

to 15 per cent ferrite and the remainder pearlite. 
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On the average, 75 per cent of the graphite was 
spheroidal. Of the magnesium added originally, 
over 53 per cent was found in the final castings.— 


January 18, 1956. 


STEAM GENERATORS 


743,869. May 27, 1953.—Sream Borers, The 
Parsons and Marine Engineeri ine 
Research and Development Association, Pame- 
trada Research Station, Wallsend. (Inventor : 
Basil Joseph Terrell.) 

The invention consists in a method of extracting 
heat from boiler flue gases. As shown in the drawing, 
in the flue A of a steam boiler B a primary heat 
exchanger C is provided, the liquid flow passage 
through which is connected by a pipe D with a second- 
ary heat exchanger E adjacent to the water feed pipe F 
of the boiler, this secondary heat exchanger serving to 
heat the feed water. Connection is made by a further 
pipe G from this secondary heat exchanger E by way 
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of a liquid circulating pump H to tubes J in the boiler 
combustion space from which the liquid passes at high 
temperature to the vicinity of a steam turbine installa- 
tion comprising, for example, a three-cylinder K, L and 
M steam turbine provided with two stages of reheat. 
The coupling liquid divides to flow through parallel 
pipes O, P through the two reheating heat exchangers 
Rand S. Leaving the reheaters, the two flows unite, 
and the liquid still at appreciable temperature passes 
through a further heat exchanger T in which it is 
further cooled by transferring heat to the boiler com- 
bustion air supply entering at U. From this latter 
heat ex the liquid completes the circuit 
through pipe V by returning to the primary heat 
exchanger C. This system lends itself to a simple 
boiler and steam turbiné arrangement while permit- 
ting maximum benefit to be obtained from reheating 
and air and water preheating. Its main feature is that 
air preheating, boiler feed water heating, and steam 
reheating are dealt with by one coupling liquid circuit 
requiring only one pump and making possible 
rend in the layout of the installation.—January 
5, 1956 


AERONAUTICS 


743,716. February 5, 1953.—IcE Traps FOR FUEL 
SuPPLy OF AIRCRAFT, Joseph Lucas (Industries), 
Ltd., Great King Street, Birmingham, 19 
(Inventor : Thomas Alfred Harris.) 

The invention relates to the fuel supply systems of 
aircraft and is intended to t access of ice from 
the source of fuel supply to the filter through which 
the fuel flows to the pump. Referring to the drawing, 
a cylindrical casing A has at one side a fuel inlet 
B, and at one end a central fuel outlet C. The inlet is 
connected to the fuel tank and the outlet connected 
by another pipe to the usual filter through which the 
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fuel flows to the fuel pump of an aircraft supply 
system. Within the casing is mounted a length of 
foraminous or other permeable material D which may 
consist of wire gauze or perforated sheet metal, and 
which is spirally coiled so as to leave a substantially 
cylindrical space E at the centre of coil. The con- 
volutions of the coil are spaced apart to form between 
them a spiral passageway leading from an annular 
space F in the casing to the central space E. One end 
of the coil is closed by the end of the casing, or by a 
disc G. The other end of the coil is closed by the end 
of the casing, leaving the end of the central space E 
open and in communication with the fuel outlet. 
When the ice trap is in use liquid fuel enters the 
casing and fills the annular space around the coil. 
Normally fuel from this annular space flows radially 
through the coil into the central space and thence to 


355 






the outlet C. Any ice carried along by the fuel is 
intercepted by the coil and prevented from flowing 
with the fuel to the outlet. In the event of the coil 
material becoming choked by the entrapped ice the 
fuel flows from the inlet through the spiral passage- 
way between the coil convolutions to the central 
space and thence to the outlet as indicated by the 
arrows in the right-hand view.—January 25, 1956. 


INTERNAL COMBUSTION ENGINES 


744,148. May 5, 1953.—VALVE AND VALVE GEAR 
EMENT, Daimler-Benz Aktiengesellschaft, 
Stuttgart-Untertiirkheim, Germany. 

The invention relates to a new or improved valve 
and valve gear arrangement for a high-power motor 
vehicle engine, in which the camshaft is common to 
valves which are inclined. The essential advantage 
is that the cylinders are brought as close as possible to 
one another. The valves are slightly inclined to each 
other and the amount of inclination is only such as 
to leave sufficient room for the necessary safety 
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clearance between the double springs. The individual 
cams, it will be noted, are not formed with cylindrical 
surfaces, but with surface-forming sections of cones, 
as clearly shown in the drawing. The bearing sup- 
ports for the camshaft are laterally displaced so that 
the closely spaced arrangement of the valves and 
valve springs is not interfered with, as in the case 
when bearing blocks are placed between two adjacent 
valve stems and springs. The ends of the tappet 
levers are fitted with inserts of hard metal which 
engage the faces of the cams as shown.—February 1, 
1956. 


MACHINE TOOLS 


744,335. August 12, 1953.—SHEET METAL WorRKING 
MACHINES, Fritz Ungerer, 6, Arlingerstrasse, 
Pforzheim-Brétzingen, Germany. 

The invention relates to apparatus for working 
sheet metal, in particular non-ferrous sheets, and 
comprises, in combination, a straightening device 
and a device for the cutting of the entire surface of at 
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least one side of the sheet, the arrangement being 
such that the straightening device acts as a forward 
feeding means, thereby dispensing with a separate 
straightening machine. As will be seen from the 
drawing, the straightening device A has seven stag- 
gered straightening rollers B. The metal sheet C 
to be worked is straightened and at the same time 
fed forward in the direction of the arrow D. The 
two chain wheels E, which are driven from the electric 
motor F, carry chains G provided with the planing 
tools H. Behind the planing arrangement, to the 
right, there are four conveyor rollers K, arranged 
in pairs, for the metal sheet C; these rollers take 
the plates when they have left the straightening rollers 
B. The chain wheels E and the conveyor rollers K 
are adjustable vertically, corresponding to various 
depths of cut. The conveyor rollers can also be 
constructed as straightening rolls, so that the 
apparatus is comprised of a first straightening device, 
a device for cutting machining, and a second 
straightening device. A modified arrangement is also 
shown in the specification.—February 1, 1956. 














Launches and Trial Trips 


AssuRITY, coaster ; built by the Goole Shipbuilding 
and Repairing Company, Ltd., for F. T. Everard and 
Sons, Ltd.; length 265ft, breadth 41ft 6in, depth 17ft 
9in, deadweight 2600 tons ; Newbury mark “P” 
six-cylinder diesel engine, 1200 b.h.p. at 250 r.p.m. 
Launch, January 30th. 


Durr Paton, trawler; built by John Lewis and Sons, 
Ltd., for the Ardrossan Trawling Company, Ltd.; 
length overall 130ft., breadth 25ft., depth moulded 
12ft, gross tonnage 270; fishroom 6400 cubic feet, 
150 b.h.p. electric trawl winch barrel capacity 
1000 fathoms of 23in warp, one 121kW trawl winch 
generator driven by 240 b.h.p. diesel engine, one 
20kW diesel-driven generator, one 10kW diesel-driven 
auxiliary generator; British Polar mark M.44.M. 
diesel engine, 640 b.h.p. at 250 r.p.m. Launch, 
January 31st. 


Ciry OF WELLINGTON, cargo liner; built by 
Cammell Laird and Co. (Shipbuilders and Engineers), 
Ltd., for Ellerman Lines, Ltd.; length between 
perpendiculars 470ft, breadth moulded 65ft 6in, 
depth moulded to shelter deck 42ft, draught 28ft ; 
three continuous steel decks, two deep tanks, five 
cargo holds, there is a complement of sixteen derricks 
for lifts of 5, 7, 10 and 12 tons and one 70-ton derrick, 
sixteen 5-ton electric winches ; two 240kW and one 
320kW diesel- driven generators; a Wallsend- 
Doxford opposed piston oil engine, six cylinders, 
750mm diameter by 2500mm combined stroke, 
8000 h.p. at 105 r.p.m. Launch, January 31st. 

ZELANDE, trawler ; built at Grand Quevilly by the 
Chantiers Reunis Loire-Normandie for the Pecheries 
de Bordeaux-Bassens ; length between perpendiculars 
252ft 8in, breadth moulded 42ft 8in, depth 21ft 8in, 
draught 17ft 4in; fish hold capacity 1600 cubic 
metres, cod liver oil hold 120 cubic metres ; dead- 
weight 1720 tons, trial speed 13-3 knots, trawl winch 
driven by 150 h.p. motor, capacity 1200 fathoms of 
line ; three 150kW diesel-driven generators ; main 
engine one single-acting, two-stroke, Mark 5- 50 VF.90 
Burmeister and Wain diesel engin:, five cylinders, 
500mm diameter by 900mm stroke, 2050 h.p. at 200 
r.p.m. Trial, January. 

SAN FasBIAN, oil tanker ; built by Smith’s Dock 
Company, Ltd., for the Eagle Tanker Company, 
Ltd.; length overall 557ft, length between per- 
pendiculars 530ft, breadth moulded 69ft 3in, depth 
moulded 39ft, deadweight 18,215 tons on 29ft 10in 
draught, service speed 144 knots ; thirty-three main 
cargo oil tanks, one main cargo pump room, four 
400-tons-per-hour turbo-driven cargo pumps and two 
stripping pumps; steam deck machinery, two 
550kW turbo-alternators and one 250kW diesel- 
driven alternators; one set of Hawthorn Leslie 
two-casing, double-reduction geared turbines, steam 
supplied at 500 Ib per square inch and 800 deg. Fah. 
by two Foster Wheeler oil-fired boilers. Trial, 
January. 





Catalogues and Brochures 


ARMSTRONG WHITWORTH (METAL INDusTRIES), Ltd., Close 
Works, Gateshead, 8, Co. Durham.—Technical leaflet t detailing 
some of the uses ‘and properties of Spheroidal Graphite Cast 


Tue Care Assestos Co., Ltd., 114-116, Park Street, London, 
W.1.—Booklet describing the standard varieties of untreated 
— cloth, tape, yarn and roving sold under the brand name 
“ Pluto. 

Puiuips ELECTRICAL, Ltd., Century House, Shaftesbury Avenue, 
London, W.C.2. —Brochure giving details of production eco- 
nomies achieved by Philips “‘ Universal ’’ clarifier on a variety of 
different grinders. 

HILGerR AND Watts, Ltd., 98, St. Pancras Way, Camden Road, 
London, N.W.1. —Iilustrated catalogue dealing with a range of 
= Hilger ** scientific instruments, and giving a history of the fi firm 
from 1875 to 1955. 

THe Power-Gas CORPORATION, Ltd., Stockton-on-Tees.— 
Brochure entitled “‘ Chemical Plant, % illustrating plant and equipe 
ment for the gas, chemical, petro-chemical, petroleum and iron 
and as industries. 


Furnaces, Ltd., 37, Lochburn Road, Maryhill, 
oa N.W.—Illustrated catalogue dealing with the 
“ Burdon ”’ oil-gas system for the ——j of furnaces, used with 
all classes of oil fuel. 

B.S.A. Toots, Ltd., Mackadown Lane, Kitts Green, Birming- 
ham.—Brochure giving details of special attachments for 
“B.S.A.”’ Acme-Gridley multi-spindle, automatic bar and 
chucking machines. 

STURTEVANT ENGINEERING Company, Ltd., Southern House, 
Cannon Street, London, E.C.4.—Publication "No. 8301, entitled 

less Superfine Reduction Mills,”’ dealing with crushing, 
, Screening, separating and mixing machines. 

Henry Simon (ENGINEERING Works), Ltd., Cheadle Heath, 
Stockport, Cheshire.—Illustrated brochure entitled ‘* Heat 
Treatment,”’ giving details of heat-treatment processes—normalis- 
ing, annealing, hardening, tempering and carbonising. 

R. anp J. Dick, Ltd., Greenhead Works, Glasgow, S.E.— 
Dickrope-Plus catalogue dealing with V-rope drives. Tables are 
arranged for the easy selection of V-rope drives, the choice of 
pulleys and the calculation of the number of ropes required. 


GOoDENOUGH Pumps, Ltd., 70/72, London Road, Twickenham, 
Middl —Pub ion wit a self-priming 
centrifugal pumps, models I4in, 101A ; 102; 2in, 260 ; 
3in, 312 ; 3in, 315 ; 3in,315D ; 4in, 425 ; im 103, and 6in, 660, 

THe YALE AND TOWNE MANUFACTURING COMPANY, British 
Materials Handling Division, Wednesfield, Wolverhampton.— 
Bulletins giving details of telescopic tiltin Tes electric fork trucks, 
or - models “ MISTF,” “ M20T. “M2STF” and 
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Forthcoming Engagements 


Secretaries of Institutions, Societies, @c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to ~~ sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the TIME and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 


To-day, April 13th.—BrisToL AND West OF ENGLAND BRANCH : 
Grand Hotel, Bristol, “Mineral Insulated -_~ Power 
-— ns Cables,” R. J. Cotton and R. W. Sutherland, 


7.30 p 
Tues., vipril 17th.—CovEeNTRY BRANCH: Technical College, 
Coventry, “ Refrigeration Heat Pumps,’’ 7.15 p.m.—— 
LONDON NATIONAL Lecture: Lighting Service Bureau, 2, 
Savoy Hill, W.C.2, “ Problems untered in Overseas 
Installations,”’ J. Flood, 6.30 p.m. 
Thurs., April 19th—KENT BRANCH : Coun: Hotel, Canterbury, 
“Radio and ee Interference,” . E. Hollingworth, 
8 p.m. N BRANCH : Pol Hotel, Southamp- 
ton, “ Television, Past, Present and uture,”” A. Parsons. 
8 p.m.——Wa BRANCH : Compasses Hotel, High Street, 
Watford, Herts, yeoman 0: 15 is m. 
Sat., April 21st.—OxrorD, AND District BRANCH : 
Y.M.C.A 0, George ey Oxford. “ Applications of Metal 
Rectifiers, * p.m. 
ae TTERSEA POLYTECHNIC 
To-day, April 13th.—DEPARTMENT OF METALLURGY : London, 
Ss. A Vacation Day Course on “ The Heat-Treatment 
of Steel, ** 10 a.m.—S.15 p.m. 


BRITISH INSTITUTION OF RADIO ENGINEERS 
Wed., April 25th—London School of ore and Tropical 
edicine, Keppel Street, Gower Street, W.C.1, “ and 
— Interference—Its Growth and Effects, <i 


p.m. 
CHADWICK PUBLIC LECTURES 

Thurs., April 26th.—Royal Society of Health, 90, Buckingham 

Palace Road, London, S.W.1, “ The Centenary of London’s 
Drainage System, a Rawlinson, 5.30 p.m. 


ILLUMINATING ENGINEERING SOCIETY 
Thurs., April 19th—MANCHESTER CENTRE: N.W. Electricity 
Board, Town Hall Extension, Manchester, Annual General 
Meeting, 5 p.m. Members’ Night, 6 p.m. 
Fri., gl 20th.—BATH AND Bristo. CENTRE: Royal Hotel, 
Bristol, Annual General Meeting and Film Show, 7 p.m. 


INSTITUTE OF ae apes FOUNDRYMEN 
Tose. April 13th._—Tees-Sipe BRANCH : Teesdale Hall, Head, 
Wrightson and Co., Ltd., Thornaby-on-Tees, Annual Generai 
Meeting. Presentation of Awards, Ap tice Coa, 
followed by a of the prize winning entry in the S 
per Competition, 7.30 p.m. 

Sat., ‘apr 14th.—E. MIDLANDS BRANCH : College of Arts, Derby, 
Annual General tna on es we by Short — Competi- 
tion, 5.30 p.m.—— BRANCH : : — Hotel, 

Manchester, Annual General lesotine. * “Some Experiences 

with the CO, Process,’’ R. E. Spencer, 3 p.m.——NEWCASTLE 
BraNcH: Neville Hall, Westgate Road, Newcastle upon 
Tyne, Annual General Meeting, ‘ollowed by a film, 6 p.m. 

INSTITUTE OF FUEL 

Wed., April 18th.—Institution of Civil Engineers, Great George 

treet, London, S.W.1, Annual Corporate Meeting, 5.30 p.m. 

INSTITUTE OF MARINE ENGINEERS 

Mon., April 23rd.—MERSEYSIDE AND N.W. SECTION : Liverpool 
ineering Society, The Temple, Dale Street, Liverpool 

7 Carriage of — Oil and Similar Bulk Cargoes,’ 
John Wormald, 6.30 p. STUDENT Lecture : 85, Minories, 
London, E.C. 7 ~ Pondamantal Principles of Marine Instru- 

mentation,” F. P. Rout, 6.30 p.m. 


. Smith, 


INSTITUTE OF METALS 
To-day, April 13th.—Institution of Naval Architects, 10, Upper 
Belgrave Street, London, S.W.1, “ Electron Emission from 
Metals,”’ Erich Schmid, 2.30 p.m. 


INSTITUTE OF NAVIGATION 

Wed., April 18th. en Geographical Society, 1, Kensington 
Gore, London, S.W.7, “ Relative Movement and ‘the Collision 
Problem,”’ 5 p.m. 

INSTITUTE OF ROAD TRANSPORT ENGINEERS 

Tues., April 171th—EasterN CENTRE: Lion Hotel, Cambridge, 
Centre Annual General Meeting, 7 p.m. 

Thurs., April 19th—YORKSHIRE Great Northern 
Hotel, Mg xy Street, Leeds, 1, Centre Annual General 
Meeting, 7.30 

Mon., April 23r [“Scornen CENTRE : Institution of Engineers 
and ete 39, Elmbank Crescent, Glasgow, Centre 
Annual General Meeting, 7.30 p.m. 


INSTITUTE OF WELDING 
Tues., April 17th.—LiverPooL BRANCH : College of Petnatoes. 
Byrom § Street, Liverpool, Annual Meeting and Film Show, 


Wed ® Nol meg —West OF SCOTLAND BRANCH : Institution of 
Shipbuilders, 39, Elmbank Crescent, a ee at 
Aad eel Meeting, “ Wel felding for the Chemical In 
T. Williams, 6.30 p.m. 
Thurs., April 19th. —SOUTHAMPTON BRANCH : Technical Ci. 
. Mary’ 's, Southampton, Annual! General Meeting and Fi 
NCH : Grand Hotel, Birming- 


Sho 
Fri., April | BRA! 
ham, Annual General Meeting and Film Show, 7.30 p.m 
INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 
Tues., April 24th. —Institution of Electrical Engineers, Savoy 
don, W.C.2, “ Hydrostatic Transmission for Trac- 
tors,”” H. J. Hamblin, 6 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
- April 14th.- —N.W. BRANCH : Reynolds Hall, College of 
“ Grinding of Quartz-Limestone 
Man > S, W. F. Patching and J. A. Holmes. 3 p.m. 
Wed., April 18th. oe BraNcH : Grosvenor Hotel, Chester, 
“ Thermal ” 7 p.m. 
serrrTuTiore OF CIVIL ENGINEERS 
Tues., April 17th—OrRDINARY MEETING : Great George Street, 
Westminster, London, S.W.1, “The Glen Shira Hydro- 
Electric Project,"”’ John Paton, 5.30 p.m.——NORTHERN 
ASSOCIATION : Neville Hall, Newcastle upon Tyne, 
“Problems Associated with Surface Development in a 
Mining »” R. G. S. Roberts, 6.15 p.m. 
Wed., April 8th. ASSOCIATION : Technical 
Coilege, ~~ ye “The Problems of Managing a Civil 


Engineeri Ses gg J. H. Brass, 6 p.m. 
Thurs., “pr 190 19th.—S.W. ASSOCIATION: New 


. . gi g 
School, University Walk, Bristol, 8, “ The Design of Road 
Intersections,” K. Summerfield, 6 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 

Mon., a? 16th. — INFORMAL MEETING : Savoy Place, London, 
W.C.2, iscussion on “Inspection and Maintenance of 

Wood Pole nat by K. L. May, 5.30 p.m. 

Tues., April 17t MEASUREMENT AND CONTROL SECTION : 
Savoy Place, London, W.C.2, “‘ The Indirectly Heated Ther- 
miston as a Precise A.C./D.C. Transfer Device,” F. C. Widdis, 
“A Bridge for the Measurement of Permittivity,” A. M. 
Thompson, 5.30 p.m.——S.E. SCOTLAND SuB-CENTRE : Carlton 
Hotel, North Bridge, Edinburgh, “‘ The Recent Search for and 
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Salvage of the Comet Aircraft Near Elba,” C. G. F 
G. G. Macneice, 7 p.m Oraberg and 

Wed., April \8th. — LONDON GRADUATES AND Stupr nts SECTION 
Savoy 5 om a! C.2, Address by the President, sir George 
Nelson, Bt. p.m. 

Thurs., April ian, UTILISATION SECTION : Savoy |’!ace, London, 
w.c. * Temperature Rises in Electrical pachis °8 a8 Related 
to the Properties of Thermal Networks,”’ J. J. ‘ates and 
Tustin, “‘ Temperature Rises i 7 Electrical Mach: e3 on Varah 
Load and Variable Speed,”’ A. Tustin and J. J. Bates, “Pe 
formance and Heati ais for Motors on _ Short 
Duties,” A. Tustin, D. F. Nettell and R. Solt, 5. a 

Fri., April 20th.—EDUCATION DiscussiION CIRCLE cop Place, 
London, W.C.2, Discussion on “ Theories of L icctromagnet, 
Induction,” opened by G. W. Carter, 6 p.m. a 

INSTITUTION OF HEATING AND VENT}: ATING 
ENGINEERS 

To-day, April 
Engineers’ Club, Albert 
ite Central 

roo} 

Wed., Aprit Tsth: —Institution of Mechanical | ngineers, L 
Bir alk, Westminster, London, tage Annual General 
Meeting ol Presidential Address, 6 p. 

IN ON OF MECHANICAL ENGINEERS 

To-day, April \3th.—GENERAL Rg IN oer (ON WITH Tae 
APPLIED MECHANICS GROUP : Bi » London, 
S.W.1, “ Fatigue Under ‘Triaxial Stress : Bevel opetant of 
Testing Machine and Preliminary Results,” J. L. M. Morrison, 
> ae oat a oo Ho a. 4 Fatigu Strength o 

rimens ntaining Cracks,”’ rost and C. E, Phi lips, 
5.30 p. 

Mon., Papril 16th.—East MIDLANDS GRADUATES’ Secrin : 
Col lege of Art, Derby, Technical Film Show, 7. 1S p.m — 
MIDLAND GRADUATES’ SECTION : James att Memorial 
py Great Charles Street, Birmingham, “Some yon 


esearch,” p.m 
nn April 17th. — AUTOMOBILE Division GENERAI Mermo 
1, Birdcage Walk, La a London, S.W.1, “ Front 
Sus: ion and Tyre Wear,”’ — and G. 4 Shearer, 
5.30 p.m.——E., MIDLANDS Samba lege of Technology 
and nes. Eastland, Rugby, wt J Gee of the Technica 
Education of Recently Qualified Engineers,” P. P. Love, 


6. 
Thurs., Papril 19th.—MIDLAND BRANCH : James _ Memorial 
Institute, Great Charles Street, Bi Hydraulics as 


13th.—MANCHESTER AND Distx 1 
uare, Manchester, 


“ Small 
eating,” S. A. Bur Pipe 


s¢ and D, y. 


irmingham, * 
— to Reciprocating Machine Tools,” George Butler, 


Fri. A pril 20th.—GENERAL MEETING IN CONTUNCTION with 
THE UCATION GrouP: 1, Birdcage Walk, Westminster, 
London, S.W.1, “ An A Approach to the Technique of Graduate 
Training = Indust Marples, J. F. A. Radford and 

J. L. Reddaway, 5 jp. m, 
Pmt ION OF MINING AND METALLURGY 

Thurs., April 19th.—GENERAL MEETING: Geological Society, 
Burlington House, Piccadilly, London, W.1, “Copper and 
Silver in Silicate Slags,”’ F. D. Richardson and J.C. Billington, 

“* Underground Mining in the Frodingham Ironstone,” A, Alec. 
Jones, 5 p.m. 
INSTITUTION OF Cet oes OFFICE ELECTRICAL 


Wed., April 18th.—INFORMAL = dll Conference Room, 
4th Floor, Waterloo Bridge House, London, S.E.i, 
Maintenance,” A. E. rman, 5 p.m. 

INSTITUTION OF PRODUCTION ENGINEERS 

To-day, April 13th.—W. WALES SECTION : Central Library, Alex- 
—_ — gk el Human Relationship and Production,” 

oung, 7. 

wed, “ wil 18th. at GRADUATES SECTION: Plummet 
Line otel, Bull Close Lane, Halifax, Graduate Papers, 7.30 
= . Essex SECTION : Ilford Club, 21a, Balfour Road, 
Iford, “ Production Methods in the Furniture Industry,” 
E. F. Powell, 7.30 p.m. 

Thurs., April "19th. -S.E. REGION: Royal Em ire Society, 
Northumberland Avenue, London, bene dio Active 
Materials in Industry,’’ A. D. Merriman, 7 p.m.——Lonpon 
GRADUATE SECTION : Central Lib gy BAe Street, Luton, 
“ Industrial Health and Safety as factors in Production,” 
C. J. Hewlett, 7.45 p.m. 

Mon., April 23rd.—N.W. ReGion: College of Technology 

ville a. Manchester, “ The Factory Acts and How 
istem Affect Engineering Establishments,”’ Sir George Barnett, 


INSTITUTION OF WATER ENGINEERS 
Thurs., April 19th.—S.E. Section : Institution of Civil Sogn, 
Great George Street, London, S.W.1, Annual General Meeting, 
“ Water Treatment in the Tropics,” E. Field Reid, 2.30 p.m, 
JUNIOR INSTITUTION OF ENGINEERS 
To-day, April 13th—OrDINARY MEETING: Pepys House, 14, 
Rochester Row, London, S.W.1, “ Steam Turbine Principles 
and the Characteristics of the Various Types,”’ P. A. Frowley, 


7 p.m. 

Fri., April 20th.—INFORMAL MEETING : Pepys House, 14, Roches- 
ter Row, London, S.W.1, “ Sensitive Instruments used by 
Faraday and Unchanged in Present Everyday Use,” H. J. N. 
Riddle, 7 p.m. 

MANCHESTER GEOLOGICAL AND MINING SOCIETY 

Thurs., April 19th—Mining and Technical College. Wigan, 
5 ae in Coal Preparation Practice,’ A. E. Green, 

.15 p.m 
NORTH EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS 

Fri., April 20th—Mining Institute, Newcastle upon Tyne, 
“ Geared-Diesel Marine gem with Particular Reference 
to the Performance of Two Installations of Different Types,” 
J. Calderwood, 6.15 p.m. 

OLD CENTRALIANS 

Mon., April 16th—Room No. 15, City and Guilds College, 
Exhibition Road, London, S. w.7, Annual General Meeting, 
5.30 p.m. 

ROYAL AERONAUTICAL SOCIETY 

Tues., April 17th—Section Lecrure: 4, Hamilton Place, 
Lenton, nm, W.1, “Investigation of Aircraft Accidents,” E. L. 

ip 

Thurs., waned 19th. —MaAIN Lecture : Institution of Civil Engi- 
neers, Great Sa Street, Me a S.W.1, “ High Speed 
Experimental Test Flying,” Yeager, 6 p.m. 

ROYAL INSTITUTION aa enn SURVEYORS 

Sat., April 14th—MintInG Surveyors’ GENERAL MEETING : 
University College, Cardiff, “‘ The Evolution of the Law of 
Support,”’ John Sinclair, 11 a.m. 

Wed., — 18th. —QUANTITY Surveyors’ GENERAL MEETING : 

t George Street, London, S.W.1, ‘‘ Estimating in the 
U.S.A.,” C. A. Wales, 6 p.m. 
SOCIETY OF CHEMICAL INDUSTRY 

Wed., April 18th.—Chemical Society, Burlington House, Picca- 
dilly, London, W.1, Annual General Meeting and Spring 
Lecture, 6.30 p.m. 

WEST OF SCOTLAND IRON AND STEEL INSTITUTE 

To-day, April 13th.—39, Elmbank Crescent, Glasgow, “ Thermal 
and Mg —- Behaviour in the Open-Hearth urnace,”’ P. T. 

W. G. Cameron and R. Hay, 6.45 p.m. 
WOMEN’S ENGINEERING SOCIETY 

Tues., April 17th—LONDON BRANCH : Hope House, 45, Great 

Peter Street Westminster, S.W.1, “ Historical Development 
of the Blast Furnace in Britain (B.c. Onwards),” J. R. Schubert, 
p.m. 





